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PREFACE

The Appendices (D-M) contained in this volume contain the entire FORTRAN 77 listing for the
program BRLCB. Details conceming the program itself are provided in the first half of the report
"BRLCB: A Closed-Chamber Data Analysis Program, Part [—Theory and User's Manual," which is

published as a separate volume.
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REM BATCH FILE BRLCB.BAT
ECHO OFF

graphics

mkchce

opt
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PROGRAM MKCHCE
C***************#****l‘l*lll*#l‘l#**lhll*********#**********###**
C VERSION: 3.0; January 1992
C Final Cleanup, 4 April 1992
C
C Written By: William Oberle; U.S. Army Research Laboratory
C
C Purpose: The purpose of this program is to provide

C initial choices for BRLCB and create a
C IBM-DOS batch file named OPT.BAT to the
C drive the program.

C et sk sk e 3 ok s s e g s sl o e ol ok b o e s e o o e oo sk s o o ol e s ol e ol sl o sl ok o o ok ke ok

OPEN (UNIT = 8, FILE = 'OPT.BAT")
REWIND (8)
WRITE (8, *) 'ECHO OFF’
CALL CLEAR

C The main menu of selections is written,
WRITE (*, 6000)

6000 FORMAT(20X,’BRLCB ** Version 3.0 ** JANUARY 1992)
WRIT'E (*’ *)
WRI'['E (*' *)
WRITE (*, 6010)

6010 FORMAT(35X,’Main Menu’)
WRITE (t' *)
WRITE (*, 6020)

6020 FORMAT(20x,'1. Create Master Information File')
WRITE (*, 6030)

6030 FORMAT(20x,’2. Update gage information’)
WRITE (*, 6040)

6040 FORMAT(20x,'3. Prepare pressure/time data’)
WRITE (*, 6050)

6050 FORMAT(20x,'4. Prepare firing information file’)
WRITE (*, 6060)

6060 FORMAT(20x,'S. Smooth pressure/time data’)
WRITE (*, 6070)

6070 FORMAT(20x,'6. Perform data analysis')
WRITE (*, 6080)

6080 FORMAT(20x,'7. Prepare output’)
WRITE (*, 6090)

6090 FORMAT(20x,'8. Exit program’)
WRITE (*, *)

1000 CONTINUE
WRITE (*, *) 'Please Enter Your Choice (1 - 8): '
READ (*, *) ICHOICE
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IF (ICHOICE .GT. 8) THEN
WRITE (*, *)
WRITE (*, *) 'The choice you have made is not hetween’
WRITE (*, *) 'l and 8. Please select again,’
GO TO 1000
END IF
C The batch file OPT.BAT is created for the proper choice.
IF (ICHOICE .EQ. 1) WRITE (8, *) '"MKMASTER’
IF (ICHOICE .EQ. 2) WRITE (8, *) '"MKGAGE’
IF (ICHOICE .EQ. 3) WRITE (8, *) '"MKPTDATA’
IF (ICHOICE .EQ. 4) WRITE (8, *) '"MKINF’
IF (ICHOICE .EQ. 5) WRITE (8, *) '"MKSMOOTH’
IF (ICHOICE .EQ. 6) WRITE (8, *) '"MKCAL'’
IF (ICHOICE .EQ. 7) WRITE (8, *) 'MKOUT"
IF (ICHOICE .EQ. 8) GO TO 1010
WRITE (8, *) 'BRL’
1010 CONTINUE
CLOSE (8)
END

C*****#*******#*************#*******************t**********************
C***********#******** SUBROUTINE CLEAR***********#********************
C*************#********************************************************

SUBROUTINE CLEAR

CHARACTER ST*4

DATA ST/’ [2)'/

WRITE (*, 6000) ST
6000 FORMAT (1X,A4)

RETURN

END
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PROGRAM MKMASTER
C******t***********##****t**********#***************t***********#*#*****
C Version: 3.0, January 1992
C Written by: William Oberle, U.S. Army Research Laboratory
Last Modified: 12/30/91 ** Depth of Each layer added

to P(1,J,2)
1/19/92 ** Modified for homogeneous grain
2/8/92: Cleanup, hex grain fixed

oloNoNoKe!

C Purpose : This program is the calling program to generate
C a master information file for a series of closed
C bomb chamber firings.

C********************#****t**********#**************##******************
C*********#************t****************************t***********##******

CHARACTER*20 FNAME, FNAME], Al (20)*20, A2 (6)*80, MARK (4)*1, ZZ1
COMMON A3 (100), P (11, 15, 5)

C********#*************#************************************************

Ok INITIALIZATION OF ALL ARRAY'S *kkkokokokokok ok ek o ko ok
(el ol o ol s o o ol o s o e e e e e A o R A K R R A R A sk
DO 10001I=1,20
Al=""
1000 CONTINUE
DO 1010I=1,6
A2(M=""
1010 CONTINUE
DO 10201 =1, 100
A3 (M =00
1020 CONTINUE
DO 10301=1,7
DO 10401 =1,15
DO 10SOK=1,5
P J,K)=00
1050 CONTINUE
1040 CONTINUE
1030 CONTINUE
DO 1060J =1, 15
P@J D=1
P@,J,2)=1
1060 CCNTINUE
MARK (1) ="
MARK (2) ="
MARK (3) ="
MARK (4) ="'

Ct###*&#*********t*t#****l****##*#t#**#******t*****#*#******#*#*t#*#****

’
A
14
v
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C***#******# WRITE THE l’NmAL HEADER lNFORMAT]ON e 3 e 2 ae abe a2k afe ol o3 b e e e e ol ade afe e el

C*******#**#‘***##*******######t#*#**tt*#*#*##t#*********#t*#*****#t#***

1070 CONTINUE
CALL CLEAR
WRITE (*, 6000)

6000 FORMAT(' ’,20X,"BRLCB ** VERSION 3.0 ** JANUARY 1992")
WRITE (*, 6010)
WRITE (*, 6020)

6010 FORMAT(////,20X,’Creating a Master Information File'/,
1 10X,58('-"))

6020 FORMAT(!0x, This program will create a master information’
1 /,10x,’file which will contain information that does’,
2 /,10x,’not change from one firing to the next.’)
WRITE (*, 6030)

6030 FORMAT(//H

C**********#*****************t************#*#**********#****************

Crowdokkddokpskkskk CHECKING TO BUILD FROM EXISTING .MAS FILE *¥ %% kkokoioidokk
C***********tt#******#***‘**********************************************

WRITE (*, %)’ Create .MAS file from existing file? {Y/N]’

WRITE (*, *) ' Default: Y'

READ (*, 5000) ZZ

5000 FORMAT(A1)

IF ((ZZ EQ. ' ’) .OR. (ZZ EQ. 'Y’) .OR. (ZZ .EQ. 'y")) THEN
WRITE (*, *) 'Enter the file name of the master file from’
WRITE (*, *) *which the new master file will be created.’
WRITE (*, *) 'Include drive and file extension if necessary.’
READ (*, 5010) FNAME!

5010 FORMAT(A20)
OPEN (UNIT = 9, FILE = FNAME]1, STATUS = 'OLD’, ERR = 1080)
REWIND (UNIT = 9)
GO TO 1090
1080 CONTINUE
WRITE (*, 6040)
6040 FORMAT(20X,'The indicated master file does not exist, try again.”)

PAUSE
GO TO 1070

C***##*********t**#***##t**********************#************************

CH*skxnsrsk READING OLD MASTER FILE TO BUILD FROM **kkokkkaciomkdokohok o ook
bttt s oo ool ook b o ookl ool s ok ok ko ok
1090 CONTINUE
DO 11001=1,6
READ (9, 5020) A2 (1)
1100 CONTINUE
5020 FORMAT(A80)
DO11101=1,20
READ (9, 5010) A1 (1)
1110 CONTINUE
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DO 11201 = 1, 100
READ (9, *) A3 (I)
1120 CONTINUE
DO 11301 =1, 11
DO 1140 J =1, 15
DO1150K =1,5
READ (9, ) P (1, J, K)
1150 CONTINUE
1140  CONTINUE
1130 CONTINUE
CLOSE (UNIT = 9)
END IF

Cil*********t****************#***************t***************************

C**********‘***** IDEN’['IFICATION INFO M’UST BE OBTAINED b e 2 2l ke she afe afe o afe e de s 2k afe afe 2
C********#******#*******#*#*******#*ﬁ***********************************
CALL IDINFO (FNAME, Al)
MARK (1) = **’

Ctlll******tt*****i*******ﬁ**#*******************************************#

C*#******##*#**** N‘Ew IN‘FORMATION lS OBTAINED e 2 e 2 v sk e 2 2 afe 2 3 ale ke s e ok e o bk ofe ok e e ke
C*******l&****t***************t******t**t********************************
1160 CONTINUE
CALL CLEAR
WRITE (*, *) 'Creation of Master File: Main Menu’
WRITE (*, 6050) MARK (1), MARK (2), MARK (3), MARK (4)
6050 FORMAT(15XJ////, !
i J,10X,’1. Identification information ' A1
2 /,10X,’2. Propellant information ',A1l
3 /,10X,’3. Igniter information °,Al
4 /,10X,’4, Write the master file ’,Al
5 /,10X,'5. Exit /)
WRrI‘E (*' *) v
WRITE (*, 6060)
6060 FORMAT(10X,’An * indicates that the information’,/
1,10X,’has been provided.’/,10X, Please Enter Your Choice (1-5):")
READ (*, *) ISELEC
IF (ISELEC .EQ. 10) THEN
CALL PRINTP (A))

(Ce sk abeoke e o e o e sl o e o e e e o o e o ae s o ke ae o o ol o afe o o ae o e ol s e sl ol o ol ol ae b ok el b ok ale o ol ol o ks ol sk o ko e ke e

C##‘t#**lﬂkt**t UNDOCUMENTED FEATURE To PRINT ARRAY P e 3 20 ale 3 e 2 3 afe 2 djc ok afe e afe ok o e ok
C**l‘l***####tt****#**t*#&*********&*#t&**#*t*t*t*#***tt***t***#t*#t*#t#**
GO TO 1160
END IF
IF (ISELEC .GT. 5) THEN
WRITE (*, *) "Your choice is not between 1 and 5.’
PAUSE
GO TO 1160
END IF

C*t*llll*###*#&****#*#*#*tt#‘*t#‘*t#*##*###‘tt#**ll*#ttt*t**‘*l*#t*****##t*
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C*#*****#********#****# END[NG THE PROGRAM ke e ae e ok e 2 b e afe o o o 2 o 3 af e sl e o e dbe o e ale e o ok
Ct*#****‘************#***#**‘t****##*#******t**********##**##********&*t

IF (ISELEC .EQ. 5) GO TO 1170

Clﬁ**""&***‘*****‘#*****‘*ti***t*t********#**#**********&t#******#**#tt*tt

Cesxwkddunrss THE IDENTIFICATION INFORMATION IS OBTAINED %% ¥k wssksukaok

C*********t*###***#***#t*‘l ke e e 20 252 o afe o ol 3 3k e b e afe e o e ac o afe ol e s 3 o o e a e e o e o e o e o 2l e ok e ol ol ok

IF (ISELEC .EQ. 1) THEN
CALL IDINFO (FNAME, Al)
MARK (1) = '**

GO TO 1160

END IF

C********#***#**##***************#*##t*************#*#****************#*

C THE PROPELLANT INFORMATION IS OBTAINED
C******************#**t*****************t*********#***#**********#***##*
IF (ISELEC .EQ. 2) THEN
CALL CLEAR
WRITE (*, ¥) 'Creation of Master File: Propellant Information’
WRITE (*, 6070)

6070 FORMAT(////,10X,"BRLCB treats all propellants as deierred.’./,
110X, To describe a deterred grain up to 15 distinct regions’,/,
210X,’may be specified. For each region all properties are’,/,
310X, specified at the beginning and end of the region.’./,
410X, ’Intermediate values are obtained by linear interpolation.’/,
510X, To describe layered grains the properties at the beginning’,
6/,10X,’and end of a region are the same. A homogeneous grain’/,
710X,"is a layered grain with one region.’.//)

PAUSE
CALL CLEAR
WRITE (*, 6080)

716 FORMAT{///,10X,'lf the .MAS file is being built from an existing
1'/,10X,’.MAS file, it is assumed that cither the propellant’,/,
210X, 'geometry or thermochemistry is the same as in the .MAS’/,
310X, 'from which the current file is being created. If this is’,
4/,10X,’the case, then the appropriate options on the Propellant’
5,/,10X,’Information Sub-menu do not have to be run.’ /)

PAUSE
CALL PROPEL (A1)
MARK (2) = '+
GO TO 1160
END IF

C**************#*********##*********************************************

C*#**#****#***** IGN‘[TER IN’FORMATION IS OBTAINED o ¢ o o 2 o afe o o 2 o b ok e a3 o o e ok e o ok

C#**#*****t#*******#***l‘l#******l‘l****************************************

IF (ISELEC .EQ. 3) THEN
CALL IGNIT {Al)
MARK (3) = '*’

GO TO 1160

END IF
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ot st akeobe e o o o ook o ol oo o o o o ol oo oo o ol ol e oo oo o oo o o o oo o o o ool o o e ok dok ook ok o

Cuiikkkiohin THE MASTER INFORMATION FILE IS CREATED ## ook ok k

C#**#*tt*ﬁ#*i**###**#ttt**ltt‘*t*t****&t#**#l‘lt********l‘l****t**t*&#**#*##

IF (ISELEC .EQ. 4) THEN

C*‘*t#******t#*t**‘*#‘*‘*#illlll**ll*t*l‘l*l‘lt‘lt**#lﬂ‘l**#******t****‘*‘t*#*****#

C*&*****#‘#t* DEPI"HS OF THE LAYERS ARE DBTERM[NED e e e e 20 afe abe e 2 e 3w 30 3 a2 ae e e ol e o o
C*#l&#**#***ilt*#**t#tz*###*#t&&**#*t*tlﬁt*‘l*#*!Hl#*##**tt*t**#t*#tttt****tt
NUMPTS = INT (A3 (4) + .5)
IF (NUMPTS .EQ. 1) THEN
P(1,1,2)= A3 (1)
ELSE
P (1, NUMPTS, 2) = A3 (1) - P (1, NUMPTS, 1)
DO 1180 J = 1, NUMPTS - 1
P(1LJ1L2)=P(,J+1,D-P(,],1)
1180 CONTINUE
END IF
CALL CLEAR
1190 CONTINUE
OPEN (UNIT = 7, FILE = FNAME, ERR = 1200)
GO TO 1210
1200 CONTINUE
WRITE (*, 6090)
6090 FORMAT(10X,’An Error has occurred on opening the master file."./,
1 10X,’Most likely the file already exists. Your options are:',/,
2 15x,'1. Overwrite existing file."/,
3 15x,’2. Enter new name.’//,
4 15x,’Enter your choice.”)
READ (*, *) MCHOICE
IF (MCHOICE .EQ. 1) THEN
OPEN (UNIT = 7, FILE = FNAME, STATUS = 'OLD’, ERR = 1200)
GO TO 1210
ELSE
WRITE (*, 6100)
6100 FORMAT(10X, Enter the new file name, include drive’/,
1 10X,’and extension.’)
READ (*, 5010) FNAME

Al (3) = FNAME
GO TO 1190
END IF

1210 CONTINUE
DO 12201=1,6
WRITE (7, 6110) A2 (1)
6110 FORMAT(A80)
1220 CONTINUE
DO 12301=1, 20
WRITE (7, 6120) Al (1)
6120 FORMAT(A20)
1230 CONTINUE
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DO 12401=1, 100
WRITE (7, *) A3 (D)
1240 CONTINUE
DO 12501=1, 11
DO1260)=1,15
DO1270K=1,5
WRITE (7, *) P (1, ], K)

1270 CONTINUE

1260 CONTINUE

1250 CONTINUE

MARK (4) = '+
CLOSE (UNIT = 7)
CALL CLEAR

WRITE (*, 6130) Al (3)

6130 FORMAT(////‘IOX"***##*#************************#**************"
1/,10X,'* *
2/,10X,’*  The Master File Has Been Written *
3/,10X,'*  The name is: ',A20, ®
4/'lOx"#***#****#*##*********************************’)

WRITE (*, 6140)

6140 FORMAT{//IH

PAUSE
GO TO 1160
END IF

(C ekt e s b ol e o e sl o b s ol o sk ol o ol ol o ae o o o o e o ol sl o ke o e o e e sl o ol ok ko ko e s ool e o e ke ol e o ok e kol o o ok ok o ok
Qo ek sk bl s s e sk ok ok EXIT FROM PROGRAM e ke s ok e 3 a2 o e s o 2 afe sk 3 ofe de e ol e e o e e ak e 3 o o afe ok e
C*******&****t*#***#‘*i************#**#*****#**************************#

1170 CONTINUE

IEXIT = 1

CALL CLEAR

IF (MARK (1) .NE. '*') THEN
WRITE (*, %)

1 'The identification information has not been entered.’
WRITE (*, *) 'Proceed with exit (1) or return (2)? °
READ (*, *) IEXIT

END IF

IF (MARK (2) .NE. '*') THEN
WRITE (*, *) 'The propellant information has not been entered.’
WRITE (*, *) 'Proceed with exit (1) or return (2)? °
READ (*, *) IEXIT

END IF

IF (MARK (3) .NE. '*’) THEN
WRITE (*, *) 'The igniter information has not been entered.’
WRITE (*, *) 'Procecd with exit (1) or retumn (2)? °
READ (*, *) IEXIT

END IF

IF (MARK (4) .NE. '*") THEN
WRITE (*, *) 'The master file has not been written.’
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WRITE (*, *) 'Proceed with exit (1) or return (2)? '
READ (*, *) I[EXIT

END IF

IF (IEXIT .NE. 1) GO TO 1160

STOP

END

C ekt s ol okl o e sl e sk o b e e sk ol o b o e ol aleak oo e s e b o o s ol ool s ok o sl ok o a ol o o ok e e ksl ae ok sl ok ok ok o s e ek
C*****#*******‘*****t#** SUBROUTINE CLEAR, #sckokatoskokoskakoskote sk sk e stk s e o ok s e s e ko e e
C************#*****#*llt***&***#t#********#****#t*************#***#******

SUBROUTINE CLEAR

CHARACTER ST*4

DATA ST/’ [2)'/

WRITE (*, 6000) ST
6000 FORMAT (1X,A4)

RETURN

END

C************#******t##**#t*#********#**********t**#*&*#**************t*
C‘***********#!‘*******# SUBROL[’TINE TDINTFQ v sk steskste sk abe s b o ae e s e o o 3 ae 3 o e sl o sl o ak o ok
C*t******#*t‘#‘*i#******###‘i‘****t****t*#**#*******#&#***t*************

SUBROUTINE IDINFO (FNAME, Al)

CHARACTER*20 DRIVE, TNAME, FNAME, A, Al (20), ZZ1
C*********lllllr‘**‘#tINI****#t#t*t*tt*&*******t#tt#tl‘l**********#*t**********
C Version: 3.0, January 1992
C
C Written by : William Oberle, Ballistic Research Laboratory
C
C This subroutine will ask for identification information and determine
C the file name under which the information is to be stored.
C*****tt#*t#tttt#t#t#tt#t*#ttt#t#tt***##**ttt*#&**#****#t#t*tt**t#**#**

CALL CLEAR

WRITE (*, 6000)

6000 FORMAT(' ',’Creation of Master Filc: Identification Information’,

Vilin

WRITE (*, 6010)

6010 FORMAT( ',10X,'Enter the project name:")

READ (*, 5000) ZZ1
5000 FORMAT(A20)

Al (1) =ZZ1

CALL CLEAR

WRITE (*, 6000)

WRITE (*, 6020)

6020 FORMAT(10X, Enter the name of the person requesting the work:")

READ (¥, 5000) ZZ1

Al (2) = ZZ)

CALL CLEAR

WRITE (*, 6000)

1000 CONTINUE

WRITE (*, 6030)
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6030 FORMAT(/,10X, Enter the name for thc Master Information’,
1/,10X,’File. All DOS path conventions can be utilized. It is’,
2/,10X,’suggested that the extension of the file bc .MAS.’)

READ (*, 5010) FNAME
5010 FORMAT(A20)
OPEN (UNIT = 12, FILE = FNAME, STATUS = 'NEW', ERR = 1010)
Al (3) = FNAME
CLOSE (UNIT = 12)
GO TO 1020
1010 CONTINUE
WRITE (*, 6040)

6040 FORMAT(10X,'"WARNING: The indicated file alrcady exists.’
1/,15x,"1. Overwrite'/,15x,’2. Enter new name.'/,
215x,'Enter your choice.")

READ (%, *) IH
IF (IH .EQ. 2) THEN
GO TO 1000
ELSE
Al (3) = FNAME
END IF
1020 CONTINUE
RETURN
END

Crovbdnbbkbkhhbkbb bbbk kb bk bk h bbb khbhkh bk bokdokbbk bbb ook b bkodokkobod bk

Cttt‘#*#*ﬁ*#******# SUBROUT]N’E iGN'T Wk kb bk ko kR ek ok kR
C#t#t#tt*#*&*t‘.t#*#tttt#t‘#ttttt‘#t#‘&ttt‘it*t#tt#tttt#tttt#t###*##t*#

SUBROUTINE IGNIT (A1)

COMMON A3 (100), P (11, 15, 5)

CHARACTER*20 MARK (2)*1, A1 (20). AS (10, 3),

1 CTEMP, CTEMP1*1S5, ZZ1

DIMENSION B (10, 6)

MARK (I)=""

MARK (2)=""
C#tll*#*ll.*l‘&ttt*#*##t‘#ttt“**ttttt*ltl&ttt‘t#‘t&ttllttl‘llltttt&*&t*#*tttt
C Version: 3.0, January 1992
C Written by: William Oberle, Ballistic Rescarch Laboratory

C an extension of a routine written by
C Kristopher Kochnen

C Applied Combustion Technology, Inc.
C

C The purpose of this program is 1o detcrmine the values for the
C thermochemistry and pertinent data for the igniter used in the
C closed chamber firing.
C‘t“.it“tt‘itt*ttttttt‘.tt“.‘tlttttttttt&ttt&“tt“tt‘tttt‘tttttttttt
1000 CONTINUE
CALL CLEAR

C.t‘t‘."...‘“.“‘.i".it‘tt‘t.‘t.t.t.t‘t“'i“tttt‘&t‘tt‘ttt‘.t‘tt“t‘

Ceessssss DETERMINATION OF THE TYPE OF IGNITER BEING USED #v#sssssssssss
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Ct#tt#*#*ﬂlt*t*1”0!i********#**##***t***********#lll*‘****t****#***!******t**

WRITE (*, 6000)
6000 FORMAT( ',’Creation of Master File: Igniter Information’,///)
WRITE (*, 6010)

6010 FORMAT(10X, Information concerning the type of igniter’,
1/,10X,'being used is needed. The available options are:'//,
215X,’ 1. Black Powder '/,
315X,’ 2. Enter New Information’,/,
415X,’ 3. Use Igniter Library '/,
515X,’ 4. Exit'J/)

1010 CONTINUE

WRITE (*, *) 'Please Enter Your Choice: *

READ (*, *) IGC

IF (IGC .GT. 4) THEN
WRITE (*, *) 'Your choice is not between 1 and 4.°
GO TO 1010

END IF

C#llt*#tt#t*t***#*#***************#*****t#t***********************#******

Crerkrnkdkkrksk SE] ECTION OF OPTION IS MADE 30 e 3 8 2 s afe e o e ok e 2k e o e a ok e afe e o she ake e 3 ok

Cotederbesertat siake ok o ot s o ol s ok s o o o e ol ook e o e ol o o e s o 3 o ot o ok sl o b o e ok e e o oo e ok e sl ok de ek ok ik

GO TO ( 1020, 1030, 1040, 1050) IGC
bbbtk sk s b st s sk e o e o ool o ol e o ool o e s e b o e o oo sl o ol e o ko e o o e o e sl s o o o o i ol e ok ok ok ok
C*#t**#t#*t****#**** US[NG BLACK POWDER a3 3 2k e e o e N e ade s e af o e ok s e afe e afe a2 ke 2 e ol o 2 ol o
C***#**#*#*#**&**tt**ttt***#***********#****t********t*#****************

1020 CONTINUE
Al (11) = 'Black Powder’
Al (12) = 'FFFG "’
Al (13) = 'Pellets, Milan Ord.’

A3 (13) = 290.
A3 (14) = 2188.
A3 (15) = 1.75
A3 (16) = 66.37
A3 (17) = 785

A3 (18) = 1.2184

Ctt#**t**#““t#***ll*#**‘tt*t#‘******##*t##*#*******#*********#*‘t******
Ct#t#tt****#t*t#**#*# EXITlNG THE ROUTINE % kst acaooiod e ok e sho s ko ok ook ok ok ok
Crrsebhbbkkbdbdkp ik kokobodookodokoookdok ook oledokodook ook don ook dookokodokotoakok ook ok dokok dokokolokokokok

1060 CONTINUE
CALL CLEAR
WRITE (%, %) '’
WRITE (*, *) ° You have selected black powder as the '
WRITE (*, *) ' type igniter which is being used. Your’
WRITE (*, *) ' options are;’

WRrrE (t' t) '

WRITE (*, *) ' 1. Accept Black Powder and Exit’
WRITE (%, *) ' 2. Review Black Powder Information®
WRITE (*, *)° 3. Enter Different Igniter Information’
WRITE (*, *) L
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1070 CONTINUE

WRITE (*, *) ' Please Enter Your Choice: '

READ (*, *) IANSWER

IF GANSWER .GT. 3) THEN
WRITE (*, *) 'Your choice is not between 1 and 3.’
GO TO 1070

END IF

IF (IANSWER .EQ. 1) RETURN

IF JANSWER .EQ. 3) GO TO 1000

(ke sk e ke e s afe s e s e s ae sl e b ol e o sl ol e o ot o b o e o e o s o o b o sl ol o ale ot o e o ol o e ol ool ol o oo e ol ool s e ke o o sl e e e ke

C**********#** BLAC’K pOWDER REVIEW[NG [NFORMATION e e e 3 2 3 3k e e e 2 2 ae 2 2fe e e ok obe o o ok
C**************#lluk*llnll****IIHNI#********************#**********************

CALL CLEAR

WRITE (*, %)

WRITE (*, ¥}’ Information for black powder.’

WRI']'E (*' *) L

WRITE (*, 6020)

WRITE (*, 6030)

WRITE (*, 6040)

WRITE (*, 6050) A1 (11)

WRITE (*, 6060) Al (12)

WRITE (*, 6070) Al (13)

PAUSE

CALL CLEAR

WRITE (*, 6020)

WRITE (t' *) v

WRITE (*, *) "This is the thermochemical data’

WRITE (*, *) 'for black powder.’

WRI'I'E (*' *) A

WRITE (*, 6020)

WRITE (*, 6030)

WRITE (*, 6040)

WRITE (*, 6080) A3 (13)

WRITE (*, 6090) A3 (14)

WRITE (*, 6100) A3 (15)

WRITE (*, 6110) A3 (16)

WRITE (*, 6120) A3 (17)

WRITE (*, 6130) A3 (18)

WRITE (*, 6020)

WRI'I"E (*' *) L

PAUSE

GO TO 1060

C*tt‘#ﬁ*‘ﬁ*&***llllllt*&llll#**#*#*t*#*t*#t*t#*****#*#********#***t*tt*tt*tt*

CH*srsbnbshrkkbkbkbsss ENTERING NEW INFORMATION %% %k b oo ok ok e e ok bk ik
Cdkab ok ko o oo o o o o o ol ookl b R sl e ok
1030 CONTINUE
CALL CLEAR
L
WRITE (¥, *)
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WRITE (*, *) 'There are two sets of data which must be’
'WRITE (*, *) 'entered for the igniter.’
WRITE (*, *) An * indicates that the information has entered.’
WRITE (*, *) "They are:’
WRITE (*, 6140) MARK (1)
WRITE (¥, 6150) MARK (2)
6140 FORMAT( 1) Identification ',Al)
6150 FORMAT(’ 2) Thermochemical ',Al)
WRITE (*, *)*  3) Exit’
WRITE (*' l‘l) L
1080 CONTINUE
WRITE (*, *) 'Pleasec Enter Your Choice: ’
READ (*, *) ICHOICE
IF (ICHOICE .GT. 3) THEN
WRITE (*, *) *Your choice is not between 1 and 3.’
GO TO 1080
END [F
CALL CLEAR
IF (ICHOICE .EQ. 3) THEN
WRITE (*, *) Add the new information to the igniter library?’
WRITE (*, *) "Enter 1 to add to library else a 2.’
READ (*, *) IGADD
IF (IGADD .EQ. 1) CALL IGNADD (A1)
GO TO 1000
END IF

(et e sk e s e ol e al ol sl o kol e o e o e o e o o ke e e o s ek o o o 6 ae e o el o o sk o o o e a o o e ok e o e o ke o o e ol e ol ok o e ol ok ok ok

Cwwxxx* The program will brasich to the choice that was made, **%%******
C***#***#*‘*t&t*t*********#*#*t*********#**t*t***t**********#***********

GO TO ( 1090, 1100) ICHOICE

{C % e s o e e e o e o ae ke e ol s s e s s o e ol ol e sl ol b o ol b o ol e e o e afeale ke o s ke ok o ol a3 ok 3 o e e sl e ale ol ok s e ok o ke o o e ok o oe

Cwsknsxrt The identification data is read in interactively, *#ksskkns
C******#t*t***#*********'ll*#*****t***********************************#***
1090 CONTINUE
CALL CLEAR
MARK (1) ='*
WR[TE (‘. *) ()
WRITE (*, *) 'For each question, enter the’
WRITE (*, *) ’information for the igniter.’
WRI']"E (*' *) v
WRITE (*, 6160)
6160 FORMAT(' ’,’Enter Igniter Name:")
READ (*, 5000) ZZ1
Al (11) = ZZ1
WRITE (*, *) ' '
WRITE (*, 6170)
6170 FORMAT(’ ’,’Enter Igniter Lot: ')
READ (*, 5000) ZZ1
Al (12) = Z2Z1
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WRI'I'E (‘l' *) v
WRITE (*, 6180)
6180 FORMAT(' ',’Enter Igniter Source:")
READ (*, 5000) ZZ1
Al (13) = ZZ1
CALL CLEAR
WRITE (*, *) ' °*
WRITE (*, *) 'This is the identification information’,
1 ’ that you have entered.’
WRITE (*, 6020)
WRITE (*, 6030)
WRITE (¥, 6040)
WRITE (*, 6050) Al (11)
WRITE (*, 6060) A1l (12)
WRITE (*, 6070) Al (13)
WRITE (*, 6020)
PAUSE
GO TO 1030

C*******#**lk*************#********************************#*************

Chxdridknk The thermochemical data is entered interactively. *¥dtkaokdonk
Ct##t*i*#********************t****!ll*#********#*************#************
1100 CONTINUE
CALL CLEAR
MARK (2) = '*'
WRITE (*, *) 'For ¢ach question, enter the'
WRITE (*, *) *information for the igniter.’
WRITE (*, *) '
WRITE (*, *) 'Theoretical Impetus (J/gram): *
READ (*, *) A3 (13)
WRITE (*, *) 'Flame Temperature (K): ’
READ (*, *) A3 (14)
WRITE (*, *) 'Density (gram/cc): ’
READ (*, *) A3 (15)
A3 (16) = 8.314*A3 (14)/A3 (13)
WRITE (*, 6190) A3 (16)
6190 FORMATY(/," *,’The molecular weight consistent with the Flame’,
1/, ',’Temperature and Impetus is:’,F8.4,
2/ 1. Accept Value'J,’ 2. Enter different value’)
READ (*, *) IMAYBE
IF (IMAYBE .EQ. 2) THEN
WRITE (*, *) 'Enter value for Average Molecular Weight: *
READ (*, *) A3 (16)
END IF
WRITE (*, *) *Co-Volume (cc/gram): ’
READ (* *) A3 (17)
WRITE (*, *) 'Ratio of Specific Heats (gamma); '
READ (*, *) A3 (18)
CALL CLEAR
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WRlTE (*' #) A

WRITE (*, *) 'This is the thermochemical data you have entered.’
WRITE (*, 6020)

WRITE (*, 6030)

WRITE (*, 6040)

WRITE (*, 6080) A3 (13)
WRITE (*, 6090) A3 (14)
WRITE (*, 6100) A3 (15)
WRITE (*, 6110) A3 (16)
WRITE (*, 6120) A3 (17)
WRITE (*, 6130) A3 (18)
WRITE (*, 6020)

WRITE (t' *) ' e

PAUSE

GO TO 1030

Coeakeskeateake skt s o s e o bl ool ol ae b o o o e o ol e s e ol e oo ool ol ook e e sl sl o b ool e o o o o o o ol s e sl e s s o b o sk e ok e

C#***********#********** FORMAT STATEMENTS e s ke afe e e s s 2 af s e o 3 afe 2k e abe ok e e o e 3 o e e o e
C*t*#******************ll#***************************#*******************

6030 FORMAT(38X, Igniter’)

6040 FORMAT(38X,’ ------- ")

6050 FORMAT(10X,'Type:",23X,A20)

6060 FORMAT(10X,'Lot:',24X,A20)

6070 FORMAT(10X,'Source:’,21X,A20)

8000 FORMAT(10X,"Weight (grams):")

8010 FORMAT(10X, Initial Temp. (K):")

8020 FORMAT( ')

6080 FORMAT(10X,'Theo. Impetus - (J/gram):’,F15.5)
6090 FORMAT(10X,’Flame Tewnp. -------- (K):" F15.5)
6100 FORMAT(10X,'Density ------ (gram/cc):'F15.5)
6110 FORMAT(10X,’Avg. Mol. Wt. ----e--- ' F15.5)
6120 FORMAT(10X,'Co-Volume ---- (cc/gram):’,F15.5)
6130 FORMAT(10X,"Gamma ----------=eecomx ' F15.5)
8030 FORMAT( °)

5000 FORMAT(A20)

6020 FORMAT(80(’-"))

(e eateabeake o b o e o e o e b o o a3 o b o e o e b ale e o sl e o o ol o ol e ol e oo ot ol ko ol ok e ok o e e o e sl e sl o ol o el o o ok sk

C****t**##**##**** US[NG THE [GNITER LIBRARY e 3¢ afc ol 2 3 o e e e 2 2 e e e e b 2tk s af e e e e e o
C*#***lllll*#*****t#*t#***************#t**************#**#*************t**t
1040 CONTINUE
CALL CLEAR
OPEN (UNIT = 3, FILE = 'IGNITER.INF')
READ (3, *) NUM
WRITE (*, *) ' Igniter Library’
WRITE (*, *) * °
WRITE (*, 6200)
479 FORMAT(' '’ # Type Impetus Flame Temp Dcnsity Mol
1Wt. Covolume Gamma’)
WRITE (*, 6210)
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DO 1110 I = 1, NUM
READ (3, 5000) AS {, 1)
CTEMP=AS5(1, 1)
CTEMP1 = CTEMP (1:15)
READ (3, 5000) AS (1, 2)
READ (3, 5000) A5 (1, 3)
READ 3, (B (1, )),J=1,6)
WRITE (*, 6220) I, CTEMP1, (B (1, J),J = 1, 6)
6220 FORMAT(' ',I2,1X,A15,6F9.3)
1110 CONTINUE
CLOSE (UNIT = 3)
6210 FORMAT(75(’-"))
1120 CONTINUE
WRITE (*, %) '’
WRITE (*, *) 'Enter the number of the igniter you want to use.’
WRITE (*, *) 'To delete an entry, enter 11.’
READ (*, *) IGNUM
IF (IGNUM .GT. 11) THEN
WRITE (*, *) "Your choice is not between 1 and 11.”
GO TO 1120
END IF

(C etk s e oo e o e o s oo ol s o o o e o o e ol e ol o e o sk ae o e s b oo ol e ae e oo e ae e e ol o e o b ae o o o b ool s o oo e ik

Crdkukwrnsk Any data from the igniter library will be deleted, **#kwxkkkok
C**###*****#*tt***t****************#*****************t******************
IF (IGNUM .EQ. 11) THEN
WRITE (*, *) 'Enter number to delete.’
READ (*, *) IDEL
OPEN (3, FILE = 'IGNITER.INF’)
WRITE (3, *) NUM - 1
DO 1130,1=1, NUM
IF (I .EQ. IDEL) GO TO 1130
WRITE (3, 5000) AS (1, 1)
WRITE (3, 5000) AS (1, 2)
WRITE (3, S000) AS {1, 3)
WRITE 3,*) (B (1,]),J =1, 6)
1130 CONTINUE
CLOSE (UNIT = 3)
GO TO 1000
END IF
Al (11) = A5 (IGNUM, 1)
Al (12) = AS (IGNUM, 2)
Al (13) = AS (IGNUM, 3)
A3 (13) = B (IGNUM, 1)
A3 (14) = B (IGNUM, 2)
A3 (15) = B (IGNUM, 3)
A3 (16) = B (IGNUM, 4)
A3 (17) = B (IGNUM, 5)
A3 (18) = B (IGNUM, 6)
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GO TO 1000
1050 CONTINUE
RETURN

END

(ke seakabe e sk ok o i e e e o e o ol o sl ol o e o o e o el o ol s o o o ae ol ale o ol e s ks ol e sl ok o s ool o oo b ok sl o o e sl ok o ol e e s ae

C etk shele b e ol s oo e sl o e sl e ook e o SUBROUTINE IGNADID ks seskedabe s siede sk sbe ok ale sk e ok e sl sk sk
C********#t#************#*****************#********************t#******#

SUBROUTINE IGNADD (A1)
COMMON A3 (100), P (11, 15, 5)
CHARACTER*20 Al (20), A5 (10, 3)
DIMENSION B (10, 6)
CALL CLEAR
OPEN (UNIT = 3, FILE = "IGNITER.INF’)
READ (3, *) NUM
IF (NUM .EQ. 10) THEN
WRITE (*, *) "The igniter library is full,’
WRITE (*, *) 'delete an entry.’
CLOSE (UNIT = 3)
RETURN
END IF
DO 10001 = 1, NUM
READ (3, 5000) A5, 1)
READ (3, 5000) AS (1, 2)
READ (3, 5000) AS (1, 3)
5000 FORMAT(A20)
READ @B, B, DN, J=1,6)
1000 CONTINUE
CLOSE (UNIT = 3)
NUM = NUM + 1
AS (NUM, 1) = A1 (11)
AS (NUM, 2) = Al (12)
A5 (NUM, 3) = A1 (13)
B (NUM, 1) = A3 (13)
B (NUM, 2) = A3 (14)
B (NUM, 3) = A3 (15)
B (NUM, 4) = A3 (16)
B (NUM, 5 =A317
B (NUM, 6) = A3 (18)
~ OPEN (UNIT = 3, FILE = 'IGNITER.INF")
WRITE (3, *) NUM
DO 10101 =1, NUM
WRITE (3, 5000) AS (I, 1)
WRITE (3, 5000) AS (1, 2)
WRITE (3, 5000) AS (1, 3)
WRITE(R,*)B (1, 1).J=1,6)
1010 CONTINUE
CLOSE (UNIT = 3)
RETURN
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END

C*#*##**###**#****************##********************#*******************
C******#*****‘*t****t***** SUBROUTINE PROPEL %% ek sk ae b s ok e e ok koo ok ol sk s e s e sk
C**ll********#*****#t#*t*&t***#***#**it****#**************#****#*********

SUBROUTINE PROPEL (A1)

COMMON A3 (100), P (11, 15, 5)

CHARACTER*20 Al (20), SMARK (3)*1, GTYPE*14
Clll*lll#*******ls*********#***t*tt#******#t*#tlll*Ilr***********#**************
C Version: 3.0, January 1992
C
C This program requests information concerning the propellant
C and its geometry. The grain geometry is checked for consistency
C and changes are computed if the information is not accurate.
C*************i*t*t**t******#t##*##***#*******t*********************t*

SMARK (1) ="

SMARK (2)=""

SMARK (3) ="’

1000 CONTINUE

CALL CLEAR

WRITE (*, 6000)

6000 FORMAT(//,10X,’ Propellant Information'/,

110X,’ Sub Menu’/,

210X, Three sets of information must be entered’/,

310X, 'for the propellant.’//,

410X,’An * indicates that the information has been entered.’.//))

WRITE (*, 6010) SMARK (1)

WRITE (*, 6020) SMARK (2)

WRITE (*, 6030) SMARK (3)

6010 FORMAT(10X,” 1) Identification °,A1)
6020 FORMAT(10X,’ 2) Thermochemical *,Al)
6030 FORMAT(10X,’ 3) Geometry "Al/,
110X,’ 4) Exit’ //,
210X, Please Enter Your Choice (1-4): ")
READ (*, *) ICHOICE
IF (ICHOICE .GT. 4) THEN
WRITE (*, 6040)
6040 FORMAT(////,"'YOUR CHOICE IS NOT BETWEEN 1 AND 4.")
GO TO 1000
END IF

Crekbbirkekuaaeaess kbbb ook et e deaieadesoaboakoaie o ok oo ot o oo e ek ol s ookl o ok e okl kol e ok

C##&i‘.*l’***“*#*‘#‘ CHECKING TO RETURN®® ks ks koo skt ook ook e ek
C*‘*#"l‘“‘*l’l"*‘****###“#**#***&#“ﬂlt*‘l*ll**ldlil#*tti#tt*#l’t‘#*t***‘##‘*

IF (ICHOICE .EQ. 4) THEN
CALL MAXDEPTH
CALL COMMASS
RETURN

END IF

Ct‘*‘t““‘&ti‘t‘ittt“**‘#&‘*#‘lit#"ltil‘l‘#"t#i*#t*tt‘t#*l#tt‘*it*t*i“‘
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CHwdsnxxx The program will branch to the choice that was made. ¥ ¥ ex*x
etk ook ek ookl e sl dlo sk o kool b etk sl stk ol kol alalok s kakolokok kol kakok

GO TO ( 1010, 1020, 1030) ICHOICE

Otk eokoloh ook lakofok st koo ook ok sl sk ok kel st ol ol ek s sk ool ok ok

Creixkuck* The identification data is read in interactively, ¥ ¥okikkaohk
C************tt*t#***#***********#**t********#***#***#******t*#*********
1010 CONTINUE
SMARK (1) ='*’
CALL CLEAR
WRITE (*, 6050)
720 FORMAT(10X, For each question, enter the information for the prop
lellant.’ /)
WRITE (*, 6060)
6060 FORMAT(10X,’Propellant Type: ')
READ (*, 5000) A1 (6)
WRITE (*, 6070)
6070 FORMAT(/,10X, Propellant Lot: ')
READ (*, 5000) A1 (7)
WRITE (*, 6080)
6080 FORMATY(/,10X, Propellant Source: *)
READ (*, 5000) Al (8)
CALL CLEAR
WRITE (*, *)*°*
WRITE (*, *) 'This is the identification information entered.’
WRITE (*, 6090)
WRITE (*, 6100)
WRITE (*, 6110)
WRITE (*, 6120) Al (6)
WRITE (*, 6130) Al (7)
WRITE (*, 6140) Al (8)
WRITE (*, 6090)
WRITE (*, 6150)
6150 FORMAT(//)
PAUSE
GO TO 1000

Crestsskakeageseateshake o e e b o ab o ae o e o e ae s o e b oo ol ol ool b o o o ok o s e o o o e oo o o oo ke o ok ook e o ok ok ok ok

C***lﬂl*#***#**#*t** Thermochemlcal dam iS entemd e 2 e ale abe s o ak afe e afe 2 e S aje 2 e a e ae ae
C**#*##t**#**t*#*#******#*#*#**#t**t#tt*#***********t‘tlﬂl#**tt*#***##t‘#
1020 CONTINUE

SMARK (2) = '+’

CALL CLEAR

CALL LAYDET

GO TO 1000
C‘*#t#tttt*#‘t*“t*&*##‘#‘*‘***t#***tt***&*t#*llt***#t###t#‘ttt#*#t*tt***
Ceesssxssnes The geometry is inputted interactively.
bk ded kb
C#&*t&tttttitti*lﬂl‘t*#tlrtlltillt‘lll#tttt**t*t#****t#‘*#ttt**tttt‘tt*‘ttttt‘

1030 CONTINUE
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SMARK (3) = "*'
CALL CLEAR
WRITE (*, 6160)
6160 FORMAT({//)
WRITE (*, *) ' 1) Sphere’
WRITE (*, *) ’ 2) Cord’
WRITE (*, *) ’ 3) Rectangular Strip’
WRITE (*, *) ' 4) i-Perforated Cylinder’
WRITE (*, ¥) ’ 5) Slotted Tube’
WRITE (*, *) ' 6) 7-Perforation Cylinder’
WRITE (*, *) * 7) 7-Perforation Hexagonal’
WRITE (*, *) ' 8) 19-Per:oration Cylinder’
WRITE (*, *) ’ 9) 19-Perforation Hexagonal®
WRITE (*, *) "10) 37-Perforation Hexagonal’
WRITE (*, *) '11) Cord With Inhibited Ends’
WRITE (*, *) ’12) Sandwich With Inhibited Sides’
WRITE (*, *) "13) Cigarette’
WRH'E (#' ll) v
WRITE (*, *) "Enter the number corresponding to the *
WRITE (*, *) 'grain type for the propellant: °
READ (*, *) IGTP
Al (9) = GTYPE (IGTP)
A3 (45) = IGTP
CALL CLEAR
WRITE (*, 6160)
WRITE (*, *) 'For each question, enter the infcrmation
WRITE (*, *) 'for the propellant grain geometry, all °’
WRITE (*, *) 'dimensions in cm.’
WRITE (¥, %)
PAUSE
CALL GRAIN (IGTP)
CALL CKGRAIN (IGTP)
CALL CLEAR
WRITE (*, 6170)
6170 FORMAT(///N
WRITE (*, *) 'This is the grain geometry that you have entered.’
WRITE (*, 6050)
WRITE (*, 6100)
WRITE (*, 6110)
WRITE (*, 6180) Al (9)
IF (IGTP .EQ. 1) THEN
WRITE (%, 6190) A3 (8)
GO TO 1040
END IF
IF (IGTP .EQ. 2) .OR. (IGTP .EQ. 11) .OR. (IGTP .EQ. 13)) THEN
WRITE (*, 6200) A3 (7)
WRITE (*, 6190) A3 (8)
GO TO 1040

*
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END IF
IF (AGTP .EQ. 3) .OR. (IGTP .EQ. 12)) THEN
WRITE (*, 6200) A3 (7)
WRITE (*, 6210) A3 (8)
6210 FORMAT(10X,’Width (cm.):",F21.5)
WRITE (*, 6220) A3 (10)
6220 FORMAT(10X,'Thickness (cm.):’,F21.5)
GO TO 1040
END IF
IF ((IGTP .EQ. 4) .OR. (IGTP .EQ. 5)) THEN
WRITE (*, 6200) A3 (7)
WRITE (*, 6190) A3 (8)
WRITE (*, 6230) A3 (9)
IF (IGTP .EQ. 4) THEN
WRITE (*, 6240) A3 (10)
6240 FORMAT(10X,"Web (cm.):’,f21.5)
END IF
IF (IGTP .EQ. 5) THEN
WRITE (*, 6250) A3 (11)
6250 FORMAT(10X,'Slot Width (cm.):’,F21.5)
END IF
GO TO 1040
END IF
IF (IGTP .EQ. 6) .OR. (IGTP .EQ. 7)) THEN
WRITE (*, 6200) A3 (7)
WRITE (*, 6190) A3 (8)
WRITE (*, 6230) A3 (9)
WRITE (*, 6260) A3 (10)
WRITE (¥, 6270) A3 (12)
GO TO 1040
END IF
IF ((IGTP .GE. §) .AND. (IGTP .LE. 10)) THEN
WRITE (*, 6200) A3 (7)
WRITE (*, 6190) A3 (8)
WRITE (*, 6230) A3 (9)
WRITE (*, 6260) A3 (10)
WRITE (*, 6280) A3 (11)
WRITE (*, 6270) A3 (12)
GO TO 1040
END IF
1040 CONTINUE
WRITE (*, 6090)
WRITE (%, %) ' °
PAUSE
GO TO 1000
8000 FORMAT(10X,'Propellant Type: 'A18)
6100 FORMAT(38X,'Propellant’)
6110 FORMAT(38X,"--=------ ")
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6120 FORMAT(10X, Type:'.23X,A19)

6130 FORMAT(10X,'Lot:’,24X,A19)

6140 FORMAT(10X,'Source:’21X,A19)

8010 FORMAT(10X,'Weight (grams):’)

8020 FORMAT(10X, Initial Temp. (K):")

8030 FORMAT(’ ")

8040 FORMAT(10X,'Theo. Impetus - (J/gram):*,F15.5)

8050 FORMAT(10X,’Flame Temp. -------- (K):' Fi5.5)
8060 FORMAT(10X, Density ------ (gram/cc).’,F15.5)
8070 FORMAT(10X,’Avg. Mol. Wt. --~------ ' F15.5)
8080 FORMAT(10X, Co-Voiume ---- (cc/gram):’ F15.5)
8090 FORMAT(10X,’Gamma -«--=+-=-=-==z==- ' F15.5)

8100 FORMAT(' ")
6180 FORMAT(10X,'Grain Type:*,16X,A14)
6200 FORMAT(10X,'Length --- (cm.):’ F21.5)
6190 FORMAT(10X,’Outer Dia. (cm.):",F21.5)
6230 FORMAT(10X, Perf. Dia. (cm.):",F21.5)
6260 FORMAT(10X,'Inner Web (cm.):’,F21.5)
6280 FORMAT(10X,'Middle Web (cm.):’ F21.5)
6270 FORMAT(10X,'Outer Web (cm.):’,F21.5)
5000 FORMAT(A20)
6090 FORMAT(80('-"))

RETURN

END

(Criedeaeaterk et e ak ol ob e o b s abe o ok ae o e o oo ol sl ol e b ae b e b ae b o b oo o ol e o e e o ol ol sl ae ol o ke ol ke s e sk o ko o ae b ale e sk

C#**xwuxwds This function will determine the grain type, *#*#**sskkskkkks
C#*****#t##*###*###*t*#*‘**thﬁ#lk**#*******lttll"ll#*ll*#****#***#**&*****t#t*

FUNCTION GTYPE (I)

CHARACTER GTYPE*14

IF (1 .[EQ. 1) GTYPE = 'Sphere’

IF (I .EQ. 2) GTYPE = 'Cord’

IF (I .EQ. 3) GTYPE = 'Strip’

IF (1 .EQ. 4) GTYPE = '1-Perf. Cyl.’

IF (I .EQ. S) GTYPE = 'Slotted Tube'’

IF (I .EQ. 6) GTYPE = '7-Perf. Cyl.’

IF (1 .EQ. 7) GTYPE = '7-Perf. Hex.’

IF (1 .EQ. 8) GTYPE = '19-Perf. Cyl.’

IF (1 .EQ. 9) GTYPE = '19-Perf. Hex.'

IF (1 .EQ. 10) GTYPE = '37-Perf. Hex.'

IF (1 .EQ. 11) GTYPE = 'Cond Inh. End’

IF (1 EQ. 12) GTYPE = 'Sandwich’

IF (1 .EQ. 13) GTYPE = 'Cigaretic’

RETURN

END

C‘*.i*“t'llll'.#‘tt##I&ttttttttt‘**ttt#&****************tttt‘#*t*tt#*t&*tt

C*‘il*t*tiﬁ**‘#*****tttt*‘ SUBROWINE GRA]N L1232 23332203 1223222221 1L]d
C*‘***l**#‘***‘*##****t#i*i‘it*tt#t#‘t#*‘t#***i*tt##tt**.#t‘tt‘t#‘#‘**tt

SUBROUTINE GRAIN (ITYPE)
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COMMON A3 (100), P (11, 15, 5)
C*t****t#*******#********lltttlﬂk**********t******#***t**ttt#*#*‘t*t*ttttv
C Version: 3.0, January 1992
C
C This subroutine will interactively ask the user for information
C conceming the geometry of the propellant being used in the
C analysis.

C#*t*****t***#**t**t#t*t***#*#t*#****‘*****#**********&t**t**#*****#*t#*

CH*sxwkrssress Serting grain dimensions (0 zero ****¥kkkkkkmikbohkbbkhkhk
o e e e T
DO 10001I=17, 12
A3 (M =00
1000 CONTINUE
CALL CLEAR

(Csbeteakeake oo o e e e s s e ae o e e e oo ol a o oo e s e o ok el ool o oo o el ol o o ol e o o ol o e e s e o e s sl ok ae o e s e o

C#*#******** INPU‘T FOR A RECTANGULAR ST'R[P GRAIN 2k b 3 3 e e 2 e aje e 2 e abe Ak 2 e e e o e e e e
C*#*#**#*#*!l*****#****t*t*t#&*#***#t#t***#*************t*********#t****t
IF (ITYPE .EQ. 3) .OR. (ITYPE .EQ. 12)) THEN
IF (ITYPE .EQ. 12) THEN
WRITE (*, *) 'For the sandwich grain, bumning is only’
WRITE (*, *) 'on the top and bottom surfaces. These’
WRITE (*, *) 'surfaces are determined by the length’
WRITE (*, *) 'and thickness. Buming is parallel to’
WRITE (*, *) 'the width dimension.’
WRITE (*, *) '’
END IF
WRITE (*, *) 'Enter the Length: ’
READ (*, *) A3 (7)
WRITE (*, *) 'Enter the Width: °
READ (%, *) A3 (8)
WRITE (*, *) 'Enter the Thickness: °*
READ (*, *) A3 (10)
RETURN
END IF

Ct*t‘t*‘#t*&ti&i#.t“'#‘#‘l‘l*ti**l‘**‘U#‘l“ttttt*****#*#t***&&**&*t&**t*##

C** INPUT OF THF GRAIN DIAMETER -- REQUIRED OF ALL REMAINING GRAINS #%#*
Ctttitttt‘il#t“t*tt.*&*"l‘l**‘ttt&*t#tt*‘t“i***lﬂlt*‘**l‘#‘&i*‘&**t*t&#&

WRITE (*, *) 'Enter the Grain Diameter: '

READ (*, *) A3 (8)

C‘&.‘*“‘ii&tit't‘t‘.ttit*tttttt*i‘&‘*#*t#t**&#l“t‘ttt#ii#tttt‘t‘*tt‘&t

Ceesssssss TEST FOR SPHERE GEOMETRY -- ONLY NEED DIAMETER #*%s#sssssssss

C.t.tii‘tl‘&‘tt‘&‘t*.t‘“tt‘&‘t*‘titttﬂl“"‘tititl*t#‘t*ttttttt***#tt“

IF (ITYPE .EQ. 1) RETURN

(o bl A LI L LA LA LI AL AL I AL S A LA LIS LAl Il LAl llAd Ll

Ci‘t*#**‘t*&‘&‘#ttii INPUT OF GRA[N LENGTH LA I A A T2 L S A ]l L ]d]
C.‘&.ll‘*‘.ll*‘t‘ttttllt‘““*“ti*it.*“t‘*‘i#t‘il&t'*.l***ﬁ*ttil##‘tt‘*

WRITE (¥, *) 'Enter the Grain Length: ’
READ (*, *) A3 (7)
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(Coteake ek s o e ok e s e o e ot s ool ol ool o o ol o e ol s ol ok o e ol e o ae ol ook e sl e ok o sl o ok ok ol ol ok o ok ool ol ol ok ook ok

Cu#dd* TEST FOR CORD GEOMETRY -- ONLY NEED DIAMETER AND LENGTH *#**#%%x
ik kR sk koo ok o e ol ol R R KRR R R o

IF ((ITYPE .EQ. 2) .OR. (ITYPE .EQ. 11) .OR. (ITYPE .EQ. 13))

1 RETURN

Ct#**ﬁ**##********##**‘****#**i*#***#*&**********#*&#*##*****t#****#*#‘#

C**&*********t***** INPUT OF PERF D]AMETER e aje afe e e e e afe ok ae afe o 3 e e afe e ade 2 e aje i ol e abe e o ok ok
Ct**********‘#**t**t#t**tttt*t***t***#**#tt**t****#***#*****#*#**t##*#t*
WRITE (*, *) 'Enter the Perf Diameter: °
READ (*, *) A3 (9)
C*********#*‘tll***&*#ttt#**t******#****##t*t*#*t*t#***#******##**tttt#*t
Crdkkkxkrkxkkkrke SPECIAL INPUT FOR SLOTTED TUBE
b bk afe 2 e e 3 3k afe 3 3k 2k 2k b 2 3 aje 3 e afe e e afe 2
C***l!tt*t****t**t******#**#*#***t*#t#*#t**&#***#******tttt*t#t********#*

IF (ITYPE .EQ. 5) THEN
WRITE (*, *) 'Enter the Slot Width: '
READ (*, *) A3 (11)
RETURN

END IF

(Cre e e el s ae b al e sl e e ae b 6ol o ke ol e o ol o skl ol ol ok e sk a6 e o ke ool ale ol ol ol ol e sl ok o ol ok ok o ok sl ol ol ek o ok ok ke ok ok
C#***#‘**#*it***t*&t*** INPm OF INNER WEB % wkakaiedenicokose e sk sk ok s se b ok sk ok ke ke
C*****#**##*“****&*t&*#**#*****t*#*****#*t**##**t*&*t**#*##**tt*#t#*###

WRITE (*, *) 'Enter the Inner Web: '
READ (*, *) A3 (10)

C#***###*‘lil‘##*it#&*tt****tit*#‘#‘l‘##*&t‘tt***‘##**#*‘#*****#t#*t*ttt*l‘*

C**** TEST FOR SINGLE PERF GEOMETRY -- NO ADDITIONAL INPUT REQUIRED ****

C****t#***‘*Olt#*“tt**##**&*t*‘l***l##*i'll*tll*ttt#tt#‘tt*#**t*‘#*t##tlttt*

IF (ITYPE .EQ. 4) RETURN

C*#&**ll*****#**‘***‘*t***&tt##*t#&*llll******‘**#t#*#t*ttt*t#*****#t#*tt#‘

Ch#sswwsx TEST FOR SEVEN PERF GEOMETRY -- MIDDLE WEB NOT NEEDED ******#*#

el LT L T L L T T L et
IF (ATYPE .EQ. 6) .OR. (ITYPE .EQ. 7)) GO TO 1010
el L L e T T T

C*#t##*‘**‘i***‘t#*** INPUT OF MIDDLE WERB *#¢tksknsnbhbsnssbhbnbbrbhbbbny
C“t#t#tt#*tt#*‘l“&i***i*tt“t#‘tt#ilt‘#t*ttt#*t***#&t#‘##‘tt#ttttt&#ttt‘

WRITE (*, *) 'Enter the Middle Web: *
READ (%, *) A3 (11)

C**ii*#**#‘lll‘l#ll‘*“‘l*##*&tttttl‘it**#&&*‘**‘#‘#t“#ﬁ#tttt*tttt#‘*#t#tt“

C*ll*****‘ii‘*‘*#*l&t‘t‘#‘ INPUT OF OUTER WEB (22 2 TSI ST 2l gdy )
C‘***#‘*“**ti*‘&*&‘*tll*ill‘lll‘l*‘**‘l“#‘l‘t*‘#‘**‘t*t*‘#‘*t#*t‘i“tttt*tttt

1010 CONTINUE
WRITE (*, *) 'Enter the Outer Web: '
READ (%, *) A3 (12)
RETURN
END

Ctit‘tti*tt**t‘i‘ltt‘tlt*“&“t‘&t*“*it&‘t*tti&lttt#‘lttttt#‘#t*&tttttt

Ct“*tt‘t*‘“&t‘**“*#l*.* SUBROUT[NE CKGRAIN LRI AT A 2222 A PRl g )
Ct&ttttt‘**‘t“i**&‘ttﬁt‘t‘t‘t‘tt“**&tt‘t‘**tt“t‘ti‘t“tttitttttt‘tt“
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SUBROUTINE CKGRAIN (ITYPE)

COMMON A3 (100), P (11, 15, 5)
Cttlltttttttttt#**#*#*tt##**&#*##*#t#!OtlHl****#*ltull***#***#**t*****#****ttt*
C Version: 3.0, January 1992
C
C This program will check to determine if the entered values for the
C grain geometry are correct. The error tolerance is 1%. If the
C geometry is not within 1% then the webs are adjusted to make the
C geometry consisted. The user is prompted as to accept the new grain
C geometry or keep the original values.
C#ll*'ll‘l*ttﬁlttttt**##*ttt*ll*lltt#*llt###ﬁ&*t#*##*******#***##*#******#*#***t*
Cr***+« NO CHECKING IS DONE FOR CORD, RECTANGULAR STRIP, SPHERE, OR ****
Cllttt*t**#t#**tlﬂﬂl#*t*tt*#** SLO']"I'ED TUBE_ e e 2k afe 2k 38 s e 2 e 2k afe o 2 afe dhe e e afe e abe e abe o o ok ol 2k
Clllllltttt*tt#*‘#tl"ll****#!ll'ﬁ#tt*#*#*#**&**************#**#**************#**

XL=A3()

XD = A3 (8)

XPD = A3 (9)

XIW = A3 (10)

XMW = A3 (11)

XOW = A3 (12)

IF (ITYPE .EQ. 1) .OR. (ITYPE .EQ. 2)) RETURN
IF ((TYPE .EQ. 3) .OR. (ITYPE .EQ. 5)) RETURN
IF (ITYPE .GE. 11) RETURN

C‘tlt#t*##‘**t#ttt*t**#**#t#*#**********t#***#****#**********#**********

Cresvssnsnkrensirss CHECKING A SEVEN PERFE GRAIN #%# ko koo ok ok koo
fen T T T T P P
IF (ITYPE .EQ. 6) .OR. (ITYPE .EQ. 7)) THEN
XDT = 3.*XPD + 2.¥(XIW + XOW)
DELTA = XDT - XD
IF (ABS (DELTA/XD) .GE. 0.0001) THEN
XIWT = XIW - DELTA/4.
XOWT = XOW - DELTA/4.
XMWT = XMW
GO TO 1000
END IF
RETURN
END IF

Coredtknhbbbhbbbbdomedk bbbk oo koo ok ok ook ol ook ok dok:fokob el kil sk ok kokook ok

Ctt‘t‘***#“tt‘t* CHECKING A S[NGLE PERF GRA[N 2k e e 3 e e 2 b a2 e abe abe ade e 3 o s o e e e e e ok
C‘l‘tt‘l'llt"‘t“"*ll*tllt*t**##*‘ll‘lll#*****t#**llll***#*‘#ik#*****#‘*********‘
IF (ITYPE .EQ. 4) THEN
XDT = XPD + 2.*XIW
DELTA = XDT - XD
IF (ABS (DELTA/XD) .GE. 0.0001) THEN
XIWT = XIW - DELTAR.
XMWT = XMW
XOWT = XOW
GO TO 1000




END IF
RETURN
END IF

C******lll***llllll"t*******##*******#****##***********************t#*********
Ckesokkaiokdok dookokok ok CHECKING A 37-PEFR HEX GRAIN ke siesienicsieate sk s e sbe sk e ook ok ok

Otk ok ok o ok Aok ook oo o o ol ook o ook o ool e o o ko e e
IF (ITYPE .EQ. 10) THEN
XDT = 7.*XPD + 6.*XIW + 2.*XOW
DELTA = XDT - XD
IF (ABS (DELTA/XD) .GE. 0.0001) THEN
XIWT = XIW - DELTA/8.
XOWT = XOW - DELTA/S.
XMWT = XMW
GO TO 1000
END IF
RETURN
END IF

Ceok s s ke ek o o o ool b ok ol ol o e o e e sl e o o o o sl o o o o e ol s oo sl e sl o sl s s o ae ol e ok ok o ok o ok o ok ok ke ok

C********************* CHECKING 19-PERF HEX %tk sk sk st s s sk o ok ok s ok s ok e o kol ook
(Cateake st s s o e o e N ke ale o sl o s ae sl e ol sl sl ale e o b ool ae ol o b o al ol o b sl ale e s e ae ke ae e sl e ae s e sk o ke o i o oo e sk ok ok ok e e e

IF (ITYPE .EQ. 9) THEN
XDT = 5.*XPD + 4.*XIW + 2.*XOW
DELTA = XDT - XD
IF (ABS (DELTA/XD) .GE. 0.0001) THEN
XIWT = XIW - DELTA/6.
XOWT = XOW - DELTA/6.
XMWT = XMW
GO TO 1000
END IF
RETURN
END IF

C********************#**#**#*#t*t#**************************************
C*****#**#************** CHECKING 19 PERIF e akakak skake ok o sk ol s e s o s e o e s e s e s e s oe ook
C**"l**#**‘#*t#*t*t***tt**************t#***’ll*il**#****ﬂl******#************

IF (ITYPE .EQ. 8) THEN
XDT = 5*XPD + 2.*(XIW + XMW + XOW)
DELTA = XDT - XD
IF (ABS (DELTA/XD) .GE. 0.0001) THEN
DELTA = DELTA/6.
XIWT = XIW - DELTA
XMWT = XMW - DELTA
XOWT = XOW - DELTA
GO TO 1000
END IF
RETURN
END IF

Crraeskaesoaka sk ok ol ik ok sl ol ol e e o sl b o s ae o ool ol o ol oot ol ol oo b o ol e ol o ok i ol o ol oo e o e ook ol ook o ok i ok

C#+wswess USER IS ALLOWED TO ACCEPT OR REJECT NEW DIMENSIONS **##%s# s+
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(C et st s o oo e o e o s o a6 o o e o ke o e o e e sk o ol o ae ol ol ol oo o s e o ol o o o ke o o b e ot oo o o ok ol ok ke ok ok

CALL CLEAR
1000 CONTINUE
WRITE (ll’ #) A
WR!TE (#. #) L
WRITE (*, *) "WARNING!! The grain geometry entered is not’
WRITE (*, *) 'consistent. The following values have been’
WRITE (*, *) 'recomputed for the grain geometry.’
WRITE (*’ lt) A
WRITE (*, 6000) XL, XD, XPD, XIWT, XMWT, XOWT
6000 FORMAT( Grain Length : *,F10.5/,
i Diameter : 'F10.5,/,
' Perf Diameter: ' F10.5,/,
! Inner Web  : *JF10.5/,
' Middle Web : 'JF10.5,/,
’ Outer Web  : ' F10.5)
WRH'E (*' *) L
WRITE (*, *) * 1. Accept New Geometry’
WRITE (*, *) * 2. Retain Values as Entered’
WRITE (*' *) e
WRITE (*, *) * Please Enter Your Choice: '
READ (*, *) ICHOICE
IF (ICHOICE .EQ. 2) RETURN

(ke sk e e e b o s a e ol o e e b o e o e o e e ae sl ol b ae o o e s e s e b ae o e o o o o o o ke s e o aeae e o o e e ok sl ke o ae e o o ok e ke

CHrwnbmnmkbkkkkbsks CHANGING VALUES TO NEW GEOMETRY *#* ko ek ok
e L T T T

A3 (10) = XIWT

A3 (11) = XMWT

A3 (12) = XOWT

RETURN

END

(C okt soteafeaeae e s b oo ol o e o b ol b o o e o e o el e o e ook ale o afe o o ol 3 a o ale o b ol e o s e o s s b ol o ale o e ek o ook ok ok ok
Crekokkackdokkkkokok ok kkkkSTUTBROUTINE LAYDET ke e sk e 3 afe 2 o e abe e o 3 a2 2 e e afe e o e o e e afe ae o e afe ok
C*ll*****#**##**#*******##‘t********************#*#*********##*t**t******

SUBROUTINE LAYDET

Chote ket e oo ok o e o sl a i o o ool o o o oo ok o o o e o e sl o e o ol ol o ol ok o o il sl ol o b a o o e ok o ok ok ok ok ok ok

C Version: 3.0, January 1992

N B W N

Cc
C Purpose: This program provides the necessary utilities to prepare the
C files for use with layered/deterred propellant.

C***#***#*#*ﬁ*****‘**###*t*#**#**#*#*#‘t*t*#*****##*##***********t****

COMMON A3 (100), P (11, 15, 5)
CALL CLEAR
WRITE (*, 6000)
6000 FORMAT(//I/)
WRITE (¥, *) 'Enter the number of layers (1 - 15)’
READ (*, *) NUMPT
A3 (4) = NUMPT




P(,1,1)=00
IF NUMPT .EQ. 1) GO TO 1000
WRIV['E (*' *) L ]
WRITE (*, *) 'Enter the starting depth for each layer.’
WRITE (¥, *) 'The first layer starts at a depth of 0 cm.’
WRITE (*, *) 'and will be automatically entered. The ’
WRITE (*, *) 'last layer must start at a depth no deeper’
WRITE (*, *) 'than one-half the length of the smallest’
WRITE (*, *) 'web, i.e. no slivering may occur except in’
WRITE (*, *) 'the inner layer of the grain.’
WRI'[‘E (*. t) A
DO 1010 J = 2, NUMPT

WRITE (*, 6010} !
6010 FORMAT(SX, Enter beginning depth for layer °,I12,".")

READ (*,*)P (1,], 1)

1010 CONTINUE
1000 CONTINUE

CALL CLEAR
WRITE (*, *)°’ Thermochemical Properties’
WRITE (*, *)
WRITE (*, *) ’ 1. Constant properties in each layer’
WRITE (¥, *) ' (Use for standard and layered grains)’
WRI'I'E (t' *)
WRITE (*, *) * 2. Varying properties in at least one layer’
WRITE (ll' *)
WRITE (*, *) * Enter your choice’
READ (*, *) IGHR
IF ((IGHR .EQ. 1) .AND. (NUMPT .EQ. 1)) THEN
A3(3D) =1
ELSE
A3 (3l =2,
END IF
IF (IGHR .EQ. 2) THEN
A3 (31)=00
END IF
CALL CLEAR
IF (IGHR .EQ. 1) THEN
WRITE (*, *) 'Values will be entered for each layer. '
WRITE (¥, *) 'All input values are to be in metric units.’
WRITE (*, *) '’
WRITE (*, *) ' '
PAUSE
ELSE
WRITE (*, 6000)
WRITE (*, *) 'Values will be entered for the beginning and’
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C***************‘ 'rhem]ochemcial infomatjon en[cred 3 3 3 ke de aje 3k ae afe afe aje afe 2k akc e al¢ ke afe
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WRITE (*, *) 'end of each layer. All input in metric units.’
WRITE (*, *) 'For any layer there should be no more than a’
WRITE (*, *) "20% variation in any property.’
WRITE (*, %) *°’
WRITE (%, *) '
PAUSE
END IF
DO 1020 KK = 1, NUMPT
CALL CLEAR
IF (IGHR .EQ. 1) THEN
WRITE (*, 6020) KK
6020 FORMAT(’ ’,’Flame Temperature (K) for layer ’,12," :°)
READ (*, *)P (3, KK, 1)
P(3.KK,2)=P(3,KK, 1)
WRITE (*, 6030) KK
6030 FORMAT(/,’ *,'Impetus (J/g) for layer ',I2,” :")
READ (*, ) P (2,KK, 1)
P2,KK,2)=P(2,KK, 1)
P (5, KK, 1) = 8.314*P (3, KK, 1)/P (2, KK, 1)
WRITE (*, 6040) KK, P (5, KK, 1)
6040 FORMATY(/,’ *,’A consistent Molecular Weight for layer °,12,
1/' given the Flame Temperature and Impetus is: ', F8.4,
2" (Accept = 1, Enter new = 2) Enter choice’/)
READ (*, *) IVHE
IF (IVHE .EQ. 1) THEN
P(5,KK,2)=P (5 KK, 1)
ELSE
WRITE (*, *) 'Enter the Average Molecular Weight:’
READ (*, ) P (5, KK, 1)
P(G,KK,2)=P (5 KK, 1)
END IF
WRITE (*, 6050) KK
6050 FORMAT(’ *,"Covolume (cc/g) for layer *,12,” :")
READ (*, ) P (6, KK, 1)
P (6, KK, 2)=P (6, KK, 1)
WRITE (*, 6060) KK
6060 FORMAT(' ’,"Gamma for layer ',I12,” :")
READ (*, *) P(7,KK, 1)
P(,KK,2)=P(7,KK, 1)
WRITE (*, 6070) KK
6070 FORMAT(' ’,'Density (g/cc) for layer *,12," :")
READ (*,*) P(4,KK, 1)
P@4,KK,2)=P@4,KK, 1)
ELSE
WRITE (*, 6080) KK
6080 FORMAT(’ *,'Flame Temperature for layer ',12," beginning (K):")
READ (*, *) P (3, KK, 1)
WRITE (*, 6090) KK




6100

6110

6120

6130

6140

6150

6160

6170

6180

6190

FORMAT(' ’,’Flame Temperature for layer ',I2," at end (K):")
READ (*, *) P (3, KK, 2)
WRITE (*, *) '’
WRITE (*, 6100) KK

FORMAT(" ’,'Impetus for layer *,I2," at beginning (J/g):")
READ (*, ) P(2,KK, 1)
WRITE (*, 6110) KK

FORMAT( ','Impetus for layer ',I12,” at end (J/g):")
READ (*, *) P (2,KK, 2)
WRITE (%, *) "’
WRITE (*, 6120) KK

FORMAT(" ’,"Molecular Weight for layer ’,12," at beginning :')
READ (*, ) P(5,KK, 1)
WRITE (*, 6130) KK

FORMAT(' ','Molecular Weight for layer ',12," at end:’)
READ (*, *) P (5, KK, 2)
WRITE (*, *) '’
WRITE (*, 6140) KK

FORMAT(' ',’Covolume for layer ",I2," at beginning (cc/g):")
READ (*, *) P (6, KK, 1)
WRITE (*, 6150) KK

FORMAT(’ ',’Covolume for layer ',I2," at end (cc/g):")
READ (*, *) P (6, KK, 2)
WRITE (*, *) '’
WRITE (*, 6160) KK

FORMAT(’ ',"Gamma for layer *,I2," at beginning:’)
READ (%, *) P (7, KK, 1)
WRITE (*, 6170) KK

FORMAT(’ ',"Gamma for layer ’,I12,” at end:’)
READ (*, *) P (7, KK, 2)
WRITE (*, *) '’
WRITE (*, 6180) KK

FORMAT(’ ','Density for layer ’,12," at beginning (g/cc):")
READ (*, *) P (4, KK, 1)
WRITE (*, 6190) KK

FORMAT(’ ',’Density for layer ',12," at end (g/cc):")
READ (%, *) P (4, KK, 2)

END IF

P (9, KK, 1) = 1.98717/P (5, KK, 1)

P (9, KK, 2) = 1.98717/P (5, KK, 2)

P(10,KK, )=P (9, KK, 1)/P (7,KK, 1) - 1)

P (10,KK, 2)=P (9, KK, 2)/(P (7. KK, 2) - 1)

P (11, KK, 1) =P (10, KK, 1)*P (3, KK, 1)

P (11, KK, 2) = P (10, KK, 2)*P (3, KK, 2)

1020 CONTINUE
RETURN
END

C**t**#***tt*****#**‘v***##t“t‘#***t##***‘l**#*t*#i**“*t**t##*#********‘l
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Cotestenieoke sl e o e s o oo ook SUBROUTINE MAXDEPTH sk dkosiok sk o s e o s e ool s ook s e sk ok ok
Creseatesiokagenk oo ootk b ook ool st s s o o ol ool o ol 3 s e e o ool ol o ol s g e s o o ol oo s o ol e ol ool oo oo ok o ke ok ok

SUBROUTINE MAXDEPTH
COMMON A3 (100), P (11, 15, 5)
ITYPE = A3 (45)

C#&********##‘l****#*****t**#*********#***t*****#******t*******#*#*****##

Cbsmkkkkknkisisak GRAINS FOR WHICH THE DEPTH CAN BE SOLVED *¥#*#%kkkkk sk
(0 o ol o o e o o M e e A A M R e e

IF (ITYPE .EQ. 1) THEN
A3 (1) = A3 (8)/2.
RETURN

END IF

IF (ITYPE .EQ. 2) THEN
X = A3 (8)12.
Y = A3 (2.
A3 (1)=MIN (X, Y)
RETURN

END IF

IF (ITYPE .EQ. 3) THEN
X = A3 (8)12.
Y = A3 (D2.
Z = A3 (10)2.
A3(1)=MINX. Y, 2)
RETURN

END IF

IF (ITYPE .EQ. 4) THEN
X = (A3 (8) - A3 (9)2.
Y = A3 (N2
A3(1)=MIN(X,Y)
RETURN

END IF

IF ITYPE .EQ. 11) THEN
A3 (1) = A3 (8)2.
RETURN

END IF

IF ITYPE .EQ. 12) THEN
A3 (1) = A3 (8)/2.
RETURN

END IF

IF (ITYPE .EQ. 13) THEN
A3()=A3 (D)
RETURN

END IF

C#*“l********#**##***#**t*#****t***#*#‘lt*#********####t***#**&t*****"!*##

CHerususnnsnssrss REMAINING GRAINS ARE HANDLED *%%%# %k bbbk b ok
fand L T T T

R = MIN (A3 (10)/2., A3 (11)/2., A3 (12)/2., A3 (T)12)

B = MAX (A3 (1)2., A3 (8)12)
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B = B/10000.
DO 1000 I = 1, 10000
R=R+B
CALL FORMT (ITYPE, SFAREA, VOLUNB, R)
IF (ABS (VOLUNB) .LE. 0.000001) THEN
A3(I)=R
GO TO 1010
END IF
1000 CONTINUE
WRITE (*, *) 'THE MAXIMUM DEPTH BURNED CANNOT BE DETERMINED.’
WRITE (*, *) '"CHECK GRAIN GEOMETRY AND START OVER.’
PAUSE
1010 CONTINUE
RETURN
END
C*********t&#********#*****t#***********lﬂt*llnlult*****#*****************t**
C#
C*t****t#***t*#t***** SUBROUT]NE FORMT a2 ale a e 3 e 3k 3 2 3 e 2 2 3 d b e 2 e 3 2 e 3 b ke afe e e afe sk afe e
C*
C*******#**tt*#**********************l‘l*#**llﬂlulull**************************
C*
ICODE: code for type of grain
R : burn depth
GL: unbumed grain length
D : unbumed outer diameter
PD: unbumed perforation d:ameter
WI, WM, WO: inner, middle and outer webs respectively

Output:
SFAREA: surface area
FRCSFA: surface area/initial surface area
VOLUNB: unburned volume
VOLBRN: bumed volume
FRCBRN: bumed volume/initial volume
VOLMAO: unbumed volume of outer layer
VOLMBO: unburmned volume of inner layer
VOLABR: bumed volume of outer layer
VOLBBR: bumed volume of inner layer

oNoNoNoNoNoXo Koo e Ke)

a0 25 e o e 2 2 e i o afe e a sl a2 a3 e e 3 o ae e a3 o afe e ke ae sl ade e o o e ko a3 a2 o e a3 3 e 3 a3 afe ke e a3 s e ae o e ol e ke a ke ok o ol ok

SUBROUTINE FORMT (ICODE, SFAREA, VOLUNB, R)
COMMON A3 (100), P (11, 15, 5)

DIMENSION S7 (4), S19 (3, 4)

DATA RT/1.732050808/, PI3/1.047197551/, PI/3.141592654/

C‘ltlttt**#**#*##*##*i#it&t*tt*t#****&*#*#*****t‘#***#t*t*******t*****l*i
C**#t*#‘******#****** SE’I‘ GRAIN GEOMETRY afe e 2 e 2 s e o ol a e e ok 3 3 3 e a e a e a3 e ae e o o e afe ok
Cetb s abeabe s bt o e e s e oo e o o o e s ol o ool ol oo b o ol e ol e ol oo o o o b ol o sl ol o o o o e e ol o o ek o o sk ook

GL = A3 (7)

sloNoNoRe oo Ko
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D = A3 (8)
PD = A3 (9)
WI = A3 (10)
WM = A3 (11)
WO = A3 (12)

(ke e e e ol e s o s b o e e e e e ol e o e ol ol e ol e sl e ol e ol ae e o e o o s ol ol o ol o e e sl e sl s ol o o e ol ol ol s kol e ok e o ok ol ok ke o

Cusninxnk Set U = 2*(depth burned) and branch to grain type **x**kkkkkk
C**&******#*t##*t****t*********#****##**t**********#*tt***#t************

U =2.0*R
Criekedkaeakeotakol sl o s ool oo e e ol o ot sl ol o ol e o ol ook o s ok s oo sl o e oo e o ol e o e ok o o o e sl o o sk o a e o ok ok ok
Ceecdeaiookdokoiokok ok ook ok o ek CIGARETTE GRAIN o e 2 e e e e o 3 3 3 e 2 ok 3 ae e e 2 2k 3 o e 2 2 afe e ofe e ae e ke
Cae ekt st e b ook o e e e sl o e o e o o o ol oo ol e o e oo ol oo oo e s sk e s sl o o ae o e s ok o e s sl ok o ok ik

IF (ICODE .EQ. 13) THEN
SFAREA = PI*D*D/4
VOLUNB = (GL - R)*SFAREA
RETURN

END IF

C***t**#**t**#i*#*******#*********t*t********#*******t*****t***********#

CH¥smknniminkssikis AL L OTHER GRAINS ARE HANDLED *## koo s e s ek
O Rkl sk o s ok B kAo o ok o o ok

GO TO ( 1000, 1010, 1020, 1030, 1040, 1050, 1060, 1070,

1 1080, 1090, 1100, 1110), ICODE

C**********t*‘#*t*#****t*******###t#t**#****&*********#***#*************
C**#*#***#**#&t#*tt* (x)[n31:7LPERj?(HLA“q b 2 3¢ ahe 306 33 2 2 2 o 3 e 3 afe 2 2 aje 2 2l 3e e 2 e 3 e 2 o e
(Ckedeatedeake s ate s e s e o e o e ol e s e sl ae sl o e ol e e ol ale b ae sl o o e ol ke ol o o ke b ol o s ke ol ke s sl ale o o e o e sl ke o ale sl ke o ke e e i oe
C*** This part calculates the conditions before the grain bums.
(Cote et ate b e st oo b o e o o ol e s e e o e o oo e e s ol e sl a o o b o ko o ol o s e e sl o o e o e sl sk o e o sl o e o o o o ol o o e g o e ok
1050 CONTINUE
D = 3.0*PD + 2.0*(WI + WO)
EO = PI*(D**2 - 7.0%PD**2)/4.0
SO = PI*(D + 7.0*PD)*GL + 2.0*EQ
VO = E0O*GL
WW = WI + PD
DO1120K=1,3
S7(K)=WW
1120 CONTINUE
WEBC = AMIN1 (WO, WI, GL)

(C e seakeaio s e o o e o o o ol a6 o o o s e o 0 e o i e o e o ok ok o e ol s e o s o o ok o o e ol ol o o e o ke o b ol o ke s ol ok ok e ke ok

C*** ‘This part does the calculations for the buming grain.
C##&*#tt#ttlt*#*###****t#**t##******#*#‘*#******#tttt**tt*****#t**tt#t#t

GRL = AMAX1 (GL - U, 0.0)

OD=D-U

PRFD =PD + U

IF (U .GT. WEBC) GO TO 1130

E = PI*(OD**2 - 7.0*PRFD**2)/4.0

SFAREA = PI*(OD + 7.0*PRFD)*GRL + 2.0*E

FRCSFA = SFAREA/SO

VOLUNB = E*GRL
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VOLBRN = V0 - VOLUNB
FRCBRN = VOLBRN/V0
RETURN

C***t#**t***&*#**********************#******#**#*********************t**

C*** This part does the calculations for when the grain slivers, *##%**
C*******&***#*#********tttt##*****************************************tt
1130 CONTINUE

CALL GENIS (87, PRFD, GRL, SF1, GV1)

CALL GENOS (87, PRFD, GRL, 0.5*0D, SF2, GV2)

SFAREA = 6.0%(SF1 + SF2)

FRCSFA = SFAREA/SO

VOLUNB = 6.0%(GV1 + GV2)

VOLBRN = V0 - VOLUNRB

FRCBRN = VOLBRN/V0

RETURN

(Crtesteale e s ot s e ol e b sl s sl o e o e o e s s e sl i o o o sl o ok o b s ke ool s sl e e e sl o sl o e sl o o ol o e ol o ok oo o e o ko e e ik

Crsxnnimnbmkkkkkkikk CODE 2: 1-PERF GRAIN  #k ke kool koo
Otk s tokaeaok e ok okl ool kol ok sk stk oo ol sl ol ol sk ot ol s ok kol ook ol e e

C*** This pant calculates the conditions before the grain bumns.
C******t#tt******************#*t***t**t**********#******#***************
1030 CONTINUE

D =PD + 2.0*WI

EQ = PI*(D**2 - PD**2)/4.0

SO = PI*(D + PD)*GL + 2.0*E0

VO = E0O*GL

WEBC = AMIN1 (GL, WI)

(Ctevie s b ae e e o o e e oo bl o o ae o s e s e o o s o e o sl e o ol o o e oo b o a6 oo e o e ok o s e o e ke e e o ol e ok ol o ok o e e ok ok

C#**xsx* This part does the calculations for the burning grain, *##kkk*
C**#**t**#t#t******t************#***************************************
IF (U .GE. WEBC) THEN
GRL = 0.0
E=00
GO TO 1140
END IF
GRL=GL-U
OD=D-U
PRFD =PD + U
E = PI*(OD**2 - PRFD**2)/4.0
1140 CONTINUE
SFAREA = PI*(OD + PRFD)*GRL + 2.0*E
FRCSFA = SFAREA/SO
VOLUNB = E*GRL
VOLBRN = VO - VOLUNB
FRCBRN = VOLBRN/V0
RETURN

Coisesakaok ok o e s ot sk et e s oot s o sl o ol o o ool o ol bl s ol o sl ool oo ol oo oo o ool o ol ool e ok ol ok ol ek e ok

Covskkbkkbk bk ik bk bk CODE 3: CORD GRAIN sk sk ok oo ook o o e e o e ok bk
Ct#**‘t#t‘t‘*#*t**ti*‘*t“#**##t*tt#*#***#****t#‘*###*ttt*‘**t*#***#*#*#
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C*** This part calculates the conditions before the grain bums, ******
C*******t*#*t*****#**t*tt*******lHulltl“n&!Huk*#*********!ht##**************&
1010 CONTINUE

SO = GL*PI*D + PI*D**2/2.0

VO = GL*PI*D**2/4.0
C*** This part does the calculations for the biming brain.

GRL = AMAX1 (GL - U, 0.0)

OD = AMAX1 (D - U, 0.0)

E = PI*OD**2/4.0

SFAREA = PI*OD*GRL + 2.0*E

FRCSFA = SFAREA/SO

VOLUNB = GRL*PI*OD**2/4.0

VOLBRN = V0 - VOLUNB

FRCBRN = VOLBRN/V0

RETURN

C*###*##*t***********t******#tt******************#**‘*#*******t##*******

Criekesoakak okl kgl s sk ok ok CODE 4: RECTANGULAR STRIP GRAIN  fddckomdoicakaokkokokk ok

C stk e e e s e o sk ol ol o sl s o oo e oo e o ol b e b o o e e s e ool ol o sl oo e o i oo o ol ol e o o e o ke o sl o sl o ko

1020 CONTINUE
S0 = 2.0%(GL*D + D*WI + GL*WI)
V0 = GL*D*WI1
GRL = AMAX1 (GL - U, 0.0)
DS = AMAX1 (D - U, 0.0)
WIS = AMAX1 (W1 - U, 0.0)
SFAREA = 2.0%(GRL*DS + DS*WIS + WIS*GRL)
FRCSFA = SFAREA/SO
VOLUNB = GRL*DS*WIS
VOLBRN = V0 - VOLUNB
FRCBRN = VOLBRN/V0
RETURN

C##‘l*********####*******t*#*#t#Ilnhk*******#tt***#****#*t***********#*****

C**&*****#*t#*##**** CODE s: SP}{ER]CAL GRAIN 24 3 2k e o ol o o e e afe a2 e e e ae ol 3 o e o e 2k o

Crrisshakeabe s i sk o s o o e sk oo b o ol o o o oo e oo b o b o e oo ale e ol o o ko o ol o o e ale o ale o e ae o o s e o o ko ol ook ok o

1000 CONTINUE
SO = PI*D**2
VO = PI*D**3/6.0
OD = AMAX1 (D - U, 0.0)
SFAREA = PI*OD**2
FRCSFA = SFARFA/SO
VOLUNB = PI*OD**3/6.0
VOLBRN = V0 - VOLUNB
FRCBRN = VOLBRN/V0
RETURN

C*‘t*t#*‘*‘*###*t‘#*t#**#tti****#*#*‘*##t*#***t##*#t#****#tt*ttt*******t

C##&*t*t###‘##“*** CODE 6: SLOTTED-TUBE GRAIN A e e e e e el o e o o e o o e oo e e ek ok

Ct*it*#“*#*#‘*t*‘l*‘t‘*t*ttt*‘&*#t#iltlltt*#***t###****#t‘#**t**t**#*#‘#‘*

C*** This part does the calculations before the grain bums, *¥¥%s¥khes
Ctttttttttt*tt##tt&*ttttttttttt*tt*tt#ttttt**tt#ttttt#*#tt*t#t#*#t*tmt*t
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1040 CONTINUE
SLOT = 0.5*WM
SO =0.5*D
SI = 0.5*PD
THETA = ASIN (SLOT/SO)
ALPHA = ASIN (SLOT/SI)
EOQ = (PI - ALPHA)*(SO**2 - SI**2) + (SO - SI)**2*ALPHA
S0 = 2.0%((PI - ALPHA)*SI + (PI - THETA)*SO + (SO*COS (THETA)
1 - SI*COS (ALPHA)))*GL + 2.0*EQ
VO = GL*EO
WI = SO - SI
WEBC = AMINI1 (GL, WI)

(Cte ke sbesteake deak ok o e b s e o s e o e o e s e s e o ool e o o sk e ol oo e e sl o sl e ol sl ae ok ol b bl o ke o e s o o e o e s ke s ok ke e sk

C*** This part does the calculations for the buming grain, **#kdskkkks
C*****t***#*t**t*****ttt****#**#*#**t*#********#**************t**#******
IF (U .GE. WEBC) THEN
GRL = 0.0
E=00
GO TO 1150
END IF
SLOT = 0.5%(WM + U)
SO =05%D - U)
SI = 0.5%PD + U)
GRL=GL-U
THETA = ASIN (SLOT/SO)
ALPHA = ASIN (SLOT/SI)
E = (Pl - ALPHA)*(SO**2 - SI**2) + (SO - SI)**2*ALPHA
1150 CONTINUE
SFAREA = 2.0*((PI - ALPHA)*SI + (PI - THETA)*SO + (SO*COS (THETA)
1 - SI*COS (ALPHA)))*GRL + 2.0*E
FRCSFA = SFAREA/SO
VOLUNB = E*GRL
VOLBRN = V0O - VOLUNB
FRCBRN = VOLBRN/V0
RETURN

C**********#Olilll*#***#ll#****#tt******t*#******#*##‘******#*t**##*t****#**

CH*whsrbhndssssnssis CODE 7: ROUND-HEX 37-PERF GRAIN %% ¥tk bbb s o
Cokkabkakkk ko ok kb ko ok koo ook ok ok oKk kb ok b b
1090 CONTINUE

SO = 18.

SI = 54,

NPERF = 37

D = 7.0*PD + 6.0*WI + 2.0*WO

GO TO 1160

(Cote ot ol oo o s e o e o o ale s e e oo oo ol oo o o o o o o oo o o ol o oo o o o ool ol o ol ookl ok ok e ok ok o

Ckokkaokk bbb bbb kk CODE 8: ROUND-HEX 19-PERF GRAIN *%#®&kkkkkbbbkkkks

C“#‘#*‘#*‘**tt‘*lll'*****#*‘#‘##‘###t&tt&*t****&‘*‘*l#*#***###t*#*#**#*tt

1080 CONTINUE
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SO =120

SI =240

NPERF = 19

D = 5.0*PD + 4.0*WI + 2.0*WO

(Creskesookake s st al s sl ok ol ool oo o oo e o e e o el o o ae o ae o e sl al o oo ol e o e ol e ae b e ol e ae sk o s el ke s oo e sk ok ok ok ok

CHerknmokiimbkkikks CALCULATIONS FOR CODES 7,8,10 *#kkiokkiomokkidkkksohk
L L R T
1160 CONTINUE
WW = WI + PD
WW2 = WW**2
PRFD =PD + U
PRFD2 = PRFD**2
GRL = AMAX1 (GL - U, 0.0)
E=00
THETA = 2,0*ACOS (AMIN1 (WW/PRFD, 1.0))
ALPHA = ACOS (AMIN1 ((2.0*WO + PD - U)/PRFD, 1.0))
IF (U .LT. WO) E = 0.25*PI*((2.0*WO + PD - U)**2 - PRFD2)
IF (THETA .GE. PI3) GO TO 1170
E = E + SI*0.25%(WW2*RT - 1.5*PRFD2*(SIN (THETA) + PI3 - THETA))
1170 CONTINUE
IF (ALPHA .GE. 0.5%(PI - THETA)) GO TO 1180
E = E + SO*0.125%(2.0%(2.0*WO + PD - U)*(2.0*
1 WW - PRFD*SIN (ALPHA))
2 - PRFD2*(SIN (THETA) + PI - 20*ALPHA - THETA))
1180 CONTINUE
IF (2.0*WO + PD .LT. WI) THEN
WRITE (*, *) "*FORMT* BAD HEX PROP’
PAUSE
GO TO 1190
END IF
VOLUNB = E*GRL
Crsununknkbrbbrkrsss TEST TO SEE IF GRAIN CONSUMED ##% % ook otk e ok
IF (VOLUNB .LE. 0.0) THEN
SFAREA = 0.0
VOLUNB = 0.0
GO TO 1190
END IF
CHesnhsbnkkssb bbbk ks NOW THE SURFACE AREA %% ¥k o o ok b o
PH = D/2. - WO - PD/2.
IF (U .EQ. 0.0) THEN
SFAREA = 2.*E + GRL*PH*6. + NPERF*PI*PD*
1 GRL + PI*GRL*(2*WO + PD)
GO TO 1190
END IF
CoesnusbsibsbsbhbsssstssssNO SLIVERING YET#*s*#ssbssssbhbbhbsbbbhhtssn
IF (WO .GT. U) .AND. (WI .GT. U)) THEN
SFAREA = 2.*E + NPERF*(PD + U)*GRL*PI + 6.*PH*
1 GRL + PI*(2.*WO + PD - U)*GRL
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GO TO 1190
END IF
Crokiokkdokokokkkkiiokk NOW SLIVERING #% %ok sk ok ook o ook o o ok
SFAREA = 2*E
Crekstnkkikikkkkkkkiokkkk FIRST THE INNER SLIVERS ok kiksokkokohokookokokbokok
IF (THETA .GE. PI3) THEN
GO TO 1200
ELSE
SFAREA = SFAREA + 1.5*PRFD*GRL*(PI3 - THETA)*SI
END IF
1200 CONTINUE
Crrsknmikdknksss NOW THE OUTER SLIVERS & CORNERS *###¥kiikdokbokhok ko ok ok
Crdknkikkkkkkkkikkts CORNERS NOT CONSUMED *# kot ook ok ke sk ok
IF (WO .GT. U) THEN
SFAREA = SFAREA + PI*(PD + 2.*WO - U + PRFD)*GRL
END IF
Ckkikkikdikkidk kb kkkNOW OUTER SLIVERS** koo ootk do ook ook
IF (ALPHA LT. .5%(PI - THETA)) THEN
SFAREA = SFAREA + (WW - PRFD*SIN (ALPHA))*GRL*SO +
1 PRFD*GRL*(P!/2. - ALPHA - THETA/2.)*SO
END IF
1190 CONTINUE
RETURN

C**********t###t#t*******#**********************#t*******#**************
C**#***#**t**tt***** CODE 9: 19_PERF GRAIN e 2 e e 2k ae e 2 2 2 2 2 2 2e 2 e 2je e e abe e ade e e e o 2
C#m*t#***#**##*#**t*t***###*#*t*****************************#***#*******
C*** This part calculates the conditions before the grain burns **#¥¥kk%
C**###*****t*##*#*#t#t#ttt*t*tt**t**&****t##*t*********#**************#*
1070 CONTINUE

D = 5.0PD + 2.0%(WI + WM + WO)

EOQ = PI*(D**2 - 19.0*PD**2)/4.0

SO = PI*(D + 19.0*PD)*GL + 2.0*EO

VO = EO*GL

S19(1,1) =WI +PD

S192, 1)=819(1, 1)

S19@(3, 1)=S19(1, 1)

$19 (1, 2) = 0.5*SQRT (3.04(WM + PD)**2 + (WI + PD)**2)

S19(2,2)=S19(1,2)

§$19(3,2)=819(1, 1)

S19 (1, 3) = PD + 0.5%(WI + WM)

$19(2,3)=819(1,2)

S19(3,3) = WM+ PD

S19(1,4)=S819(1,3)

S19 (2, 4) = 2.0*819 (1, 3)

S19 (3, 4) = S19 (1, 3)*RT

WEBC = AMINI (WO, WM, WI, S19 (1, 3) - PD, S19(1, 2) - PD, GL)

Ct&tt*&t‘*tt*#t#t*#ttttttt‘tttttt#tt&tmﬂl&tt&ttt&*&t#ttttttttt*‘tttttttt
C*** This part does the calculations for the buming grain, ¥**s#ssvssss

182



C!.‘lt#ttt‘t.#t‘ttmt#t‘*#l##tt‘#**#*#t##**t*‘********#**“**#*****t*t**#

GRL = AMAXI] (GL - U, 0.0)
Ctttt““t.“&ttﬁ‘tt#“tt“#**ﬁt**#***‘t#***#*ﬁ*t*#tt******#**‘****#‘***
ODb=D-U
PRFD =PD + U
IF (U .GE. WEBC) GO TO i210
E = 0.25*PI*(OD**2 - 19.0*PRFD**2)
SFAREA = PI*(OD + 19.0*PRFD)*GRL + 2.0*E
FRCSFA = SFAREA/SO
VOLUNB = E*GRL
VOLBRN = V0O - VOLUNB
FRCBRN = VOLBRN/V0
RETURN
1210 CONTINUE
SUMSA = 0.0
SUMGYV = 0.0
DO 1220K =1,2
CALL GENIS (819 (1, K), PRFD, GRL, SA, GV)
SUMSA = SUMSA + 6.0*SA
SUMGYV = SUMGV + 6.0*GV
1220 CONTINUE
CALL GENIS (S19 (1, 3), PRFD, GRL, SA, GV)
SUMSA = SUMSA + 12.0*SA
SUMGYV = SUMGV + 12.0*GV
CALL GENOS (819 (1, 4), PRFD, GRL, .5*0OD, SA, GV)
SUMSA = SUMSA + 12.0*SA
SUMGYV = SUMGYV + 12.0*GV
SFAREA = SUMSA
FRCSFA = SFAREA/SO
VOLUNB = SUMGV
VOLBRN = VO - VOLUNB
FRCBRN = VOLBRN/V0
RETURN

Cu‘#tt.tt.‘tl#‘tttttt‘ttttttt###**#**t*lttt&t#*#*#****t*#***********#**ﬁ

Ceesssnssesssssssnss CODE 10: ROUND-HEX 7-PERE GRAIN *#%®kkuk kb hnnn
CO“t..‘i“““‘*t“““*““‘ﬁ‘l‘t"*‘**“*‘*‘**‘#‘********‘**‘********
1060 CONTINUE
SO =60
SI=6.0
NPERF = 7
GO TO 1160

C.tt‘tt‘t‘....‘#“tit.t‘tt#“tt“t‘#titt“#&‘ttt‘#*‘**tt‘#ttt#‘**i****“

Cttt.‘t‘t‘.t‘ttttttt CODE ]l CORD wrrH lNHlBlTED ENDS (231222333223 122 2]
Cttattttttttttttttttttttttttttttttttttttttlttttt&tt‘t‘tl*ttt*ttt*ttt**tt

C This routinc will only calculate the surface arca of the lateral

C surfaces.

C it will not calculate the surface arca of the inhibitcd ends, #*s*s* %«
Cttt..Olttttttt‘ttt‘tttttttttt“tttttttt‘tt‘t‘tt#tttlttttt‘t‘tttltt#tttt
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1100 CONTINUE

SO = GL*PI*D
VO = GL*PI*D**2/4.0

C **** This part does the calculations for the burning grain
OD = AMAX1 (D- U, 0.0)
SFAREA = PI*OD*GL
FRCSFA = SFAREA/SO
VOLUNB = GL*PI*OD**2/4.0
VOLBRN = VO - VOLUNB
FRCBRN = VOLBRN/VO
RETURN

C**t*************************************#***#****#****t*#*t*#***#******

CHaxwxnksk CODE 12: RECTANGULAR STRIP GRAIN WITH INHIBITED SIDES ****¥*
C***********#***********#******#**#****************#*#***tt#***tt**#*ttt
C This routine will only calculate the surface area of the two burning
C sides.
C It will not calculate the surface area of the inhibited sides.
C***t*tttttt**t#***#*t*t*#*t*********t*****************#*******#******#*
1110 CONTINUE
SO = 2.0*GL*WI
VO = GL*D*WI
VOLMAO = (D - WI)*GL*WO
VOLMBO = WI*GL*WO
C**************t**#*#*#******#*#*t****#*#*******************************
C *** This part does the calculations for the bumning grain
DS = AMAX1 (D - U, 0.0)
SFAREA = 2.0*GL*WI
FRCSFA = SFAREA/SO
VOLUNB = GL*DS*WI
VOLBRN = VO - VOLUNB
FRCBRN = VOLBRN/VO
IF (DS .GE. WI) THEN
VOLABR = VOLBRN
VOLBBR = 0.
ELSE
VOLABR = VOLMAQ
VOLBBR = VOLBRN - VOLABR
END IF
RETURN
END

Cttttt**t*ttt*t#t***#t*t*t**#************#**#****t****‘**********##***#
C‘t‘*‘*#t*ttt##t*##*#t#t**t*#tt*tt***t*###t********t******************#*

C

C SUBROUTINE *GENIS*: calculate surface area and volume for a
C general inner sliver of a buming grain

C with length = GRL & perforation dia. = PRFD.

C

SUBROUTINE GENIS (S, PRFD, GRL, SURF, VOL)

184




DIMENSION S (3), A (4)
DATA PI2/1.5707963/

Wk Store angles A1,A2,A3 and area of triangle
with sides S(1),5(2),S(3) into A(1)...A(4)

anonann

A (1) = ACOS ((S (2)**2 + S (3)**2 - S (1)**2)/(2.0*S (2)*S (3)»
A (2) = ACOS ((S (1)**2 + S (3)**2 - S (2)**2)/(2.0*S (1)*S (3)))
A (3) = ACOS ((S (1)**2 + S (2)**2 - S (3)**2)/(2.0*S (1)*S (2)))
A (4) = 0.5*S (1)*S (3)*SIN (A (2))

C

C ...check for ermr condition: find if triangle acceptable...

C
J=0
DO10001=1,3

IF(AQ@ LT.05*PI2) J=J+ 1
1000 CONTINUE

IF (J .GT. 1) STOP ' GENIS ERROR’

succeeding passes until bumout: find auxiliary angles

nnaoan

TAUI12 = ACOS (AMIN1 (1.G, S (3)/PRFD))
TAU13 = ACOS (AMIN1 (1.0, S (2}/PRFD))
TAU23 = ACOS (AMINI1 (1.0, S (1)/PRFD))

...and branch to 25 if sliver fails burnout criteria. If not
then sliver is bumed and go to 30.

nnNnan

IF (TAU12 + TAU13 + TAU23 .LT. PI2 .AND. GRL .GT. 0.0) THEN
GO TO 1010

ELSE
GO TO 1020

END IF

C
C
C sliver not bumed out: determine end area, volume and surface area
C
1010 CONTINUE
E = A (4) - 0.25*PRFD*(S (1)*SIN (TAU23) + S (2)*SIN (TAU13)
1 + S (3)*SIN (TAU12) + PRFD*(PI2 - TAUI12 - TAU13 - TAU23))

VOL = E*GRL

SURF = 2.0*E + GRL*PRFD*(PI2 - TAUI2 - TAU13 - TAU23)




RETURN

C
C
C sliver is bumed out: retum with zero volume and surface anca.
C
1

020 CONTINUE
VOL = 0.0
SURF = 0.0
RETURN
ERND
C*lﬁ******t#***t#*#*t**###*t*t*l*****t#**********#****tm**************#*
C SUBROVUTINE "GENGS" : Caiculates surface area and volume for a
general outer sliver of a buming grain
with length = GRL, radius = RAD, and
perforation diameter = PRFD

oNoEpNe]

SUBROUTINE GENOS (S, PRFD, GRL, RAD, SURF, VOL)
DIMENSION § (3), A (4)

C

C *¥kderwrsksx  Store angles A1,A2,A3 and area of triangle

C with sides ${1),5(2),S(3) into A(1) ...A(4)

C
A (1) = ACOS ((S (2)**2 + S (3)**2 - S (1)**2)/(2.0*S (2)*S (3)))
A (2; = ACOS ((S (1)**2 + S (3)**2 - S (2)**2)/(2.0*S (1)*S (3)))
A (3) = ACOS ((S (1)**2 + S (2)**2 - S (3)**2)/(2.0*S (1)*S (2)))
A (4) = 0.5*S (1)*S (3)*SIN (A (2)

succeeding passes until bumout: determine auxiliary angles

oNoRoNe!

TAU1 = ACOS (AMINT1 (1., (S 2)**2 + KAD**2 - 0.25*

1 PRFD**2)/(2.*S (2)*RAD)))

TAU2 = ACOS (AMIN1 (1., (S 3)**2 + RAD**2 - 0.25*

1 PRFD**2)/(2.*S (3)*RAD)))

TAU3 = ACOS (AMAX1 ( - 1.0, (S (2)**2 - RAD**2 + 0.23*
1 PRFD**2)/(S (2)*PRFD)))

TAU4 = ACOS (AMAXI1 ( - 1.0, (S (3)**2 - RAL**2 + (0.25*
1 PRFD**2)/(S (3)*’RFD}})

C

SIG = ACOS (AMIN1 (1.0, S (1)/PRFD))
C
C ...then check error conditions...
C

IF (TALI3 .LT. A (3) .OR. TAU4 LT. A (2)) STOP ' *GENOS* ERROR’
C
C ..JF ok, check if sliver burned out. If not bumed out gc to 25.
C  If bummed cut go to 30
C
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IF (TAUI + TAU2 .LT. A (1) .AND. GRL .GT. 0.0) THEN
GO TO 1000

ELSE
GO TO 1010

END IF

C

C

C sliver not burned out: determine end area, volume and surface area.
C

1

000 CONTINUE
E = 0.5RAD*(S (2)*SIN (TAU1) + RAD*(A (1) - TAU! - TAU2)
1 + S (3)*SIN (TAU2)) - A (4) - 0.25*PRFD*(S (1)*SIN (SIG)
2 + 0.5*PRFD*(TAU3 + TAU4 - 2.6*SIG - A (2) - A (3)))

C
VOL = E*GRL
C
SURF = 2.0*E + GRL*(RAD*(A (1) - TAUI1 - TAU?) + 0.5*PRFD*(TAU3
1 +TAU4-20*SIG-A () -A ()
C
C ..and RETURN.
C
RETURN
C
C sliver is burned out: retum with zero volume and surface area.
C
1010 CONTINUE
VOL = 0.0
SURF = 0.0
RETURN
END

C#**************#******#****t**m***********************************#****
C*********************SUBROUT[N‘E COMMASS***************#****************
C********t***************#*********#*************************#**********
SUBROUTINE COMMASS
C*******#*tt*********t#t*#********t#***#************t**********t********
C Version 3.0, January 1992
C
C THIS SUBROUTINE WILL COMPUTE THE INITIAL MASS PER LAYER AS WELL AS
C THE INTEGRALS OF FACH PROPERTY
C
C*******##*#********#**#***t********#*****t****#*#***********#**********
COMMON A3 (100), P (11, 15, 5)
IGTYPE = INT (A3 (45) + .5)
NL = INT (A3 (4) + .5)
IGQR = INT (A3 (31) + .5)

(Coterke e s e s b e o o o e ool oo o o e ol oo o ol o ol o o S o e ae o ae s ol o ol o o o o o ol oo o ae o e o e o o e s ok ke o o o ok ok ok

Crerxdrksmnrrwrni*x STORAGE LOCATION FOR INTEGRAL ARE ZEROED *#*¥¥#%¥¥xkkx

C###****tt*i*ﬂl#**‘t#*‘***##‘*##t*#&***##*#**#t*******#*t*#*tt*****#*#*tt
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DO 10001 = 2, 11
DO 1000J =1, 15
P17 3)=00
1000 CONTINUE
IF (IGQR .EQ. 1) THEN
XI =00
CALL FORMT (IGTYPE, ASURF, VOLUNB, XI)
P (8, 1, 3) = VOLUNB
DO 10101 =2, 11
PA,1,3)=P( 1, )*P (8, 1, 3)
1010 CONTINUE
A3(3)=P(@4,1,3)
RETURN
END IF
DO 1020J = 1, NL

Ct******ﬁ**#*t*&*******#t*************#********t*********************#**

Crdnkikkkikiks DETERMINE X VALUES FOR INTEGRATION * koo koo ook ok
Ctskokokok ko ok kR R R ok Rk ok sk ok kR ok ook s ook skl
IF (J .EQ. NL) THEN
XS=P(,J, 1)

XL = A3 (1)
ELSE
XS=P(1,J,1)
XL=P(,J+1,1)
END IF

C***********#*********t**t****#****************************#************

Crtrkkikkknkisniikk AT WAYS 300 SUBDIVISIONS * kbbb ok koo ok ok
Otk ok ok ok o s oo ol ool okl ok ko R o
XDEL = XL - XS
XSTEP = XDEL/300.
DO 10301 =1, 301
XI = XS + (I - D)*XSTEP

C************#********#***************************************#*******#t

CALL FORMT (IGTYPE, ASURF, VOLUNB, XI)
ol T T T T
DO 1040K =2, 11
PDEL=P (K, }1,2)-P(K,J, 1)

C**#********************************************************************

Crrserksknnutkkkknirkss INTEGRATION IS PERFORMED *% ok ok sk btk ko
Cxdiok ook ookl ok R bk Aok sk ok s o oo ok ook
FCN = ((PDEL/XDEL)*(XI - XS) + P (K, J, 1))*ASURF
IF (1 .EQ. 1) .OR. (I .EQ. 301)) THEN
P(K, J,3)=P(K,]J, 3)+FCN
ELSE
P, J, 3)=P(,]J, 3)+2*FCN
END IF
1040 CONTINUE
1030 CONTINUE
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DO 1050 K = 2, 11
P (,J, 3) =P (K, J, 3)*(XDEL/600.)
1050 CONTINUE
1020 CONTINUE

C#****&llll*lll*#**t******l‘lll‘l*‘******llll#*lﬁltl***IOlll*ll*lll********t**#*****#******
C**********t*t********* MASS OF SINGLE GR AN st 2 e ke s o e o s s e se e s o ke ok b s ol sk sl e e
(i e abole e s e o o o e o e o e o 0 o o o e o e e o sl ol ol oo e ol ool ol ol ol e o ke e ol b o o o b ol b e o o ol ool ae sl ook e o

DO 10601 = 1, NL
A3(3)=A3(3)+P@“4,1,3)
1060 CONTINUE
RETURN
END

Ctlt*l“l*t#*#&*t*‘l*#ﬁl&**#*tt#i*i*****l‘ltt***t****#*t********#*it*#*#*******
Otk bk dedeiokok ook ko SUBROW[N‘E PRIINTP vk sk s b o s v e s e e e e i ok e o e o e ofe o e o ok
Crkeakeskokak s okl e o s o et o e o oo ol e o e e oo e s e o o oo e oo oo o o o e s sl ool o oo e o ol o ol ok ol ko o e o o ok o o ok e

SUBROUTINE PRINTP (A1)
CHARACTER*20 Al (20)
COMMON A3 (100), P (11, 15, 5)
O ok ot ko oo ok oo e kol e ok ok o
NL = INT (A3 (4) + .5)
OPEN (UNIT = 7, FILE = 'LPT1")
WRITE (7, 6000) A1 (3)
6000 FORMAT(10X,"MASTER FILE: ',A20//)
WRITE (7, 6010)
6010 FORMAT(/,30X,'BEG LAY END LAY INTEGRAL")
DO1000I=1,11
WRITE (7, 6020) I
6020 FORMAT(//,30X,"PROPERTY NUMBER: ',I3)
DO 1010J =1, NL
WRITE (7,6030) J,P(1,J, 1),P(1,3,2),P (1, ], 3)
6030 FORMAT(' *,13,15x,3F20.10)
1010 CONTINUE
1000 CONTINUE
RETURN
END




INTENTIONALLY LEFT BLANK.
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INTENTIONALLY LEFT BLANK.



PROGRAM MKGAGE

C**#*********i**********&******#***#*******************#***#************

C Version: 3.0, January 1992

C
C Wntten by: William Oberle, U.S. Ammy Research Laboratory
C
C Purpose:This program maintains a data base for gages used
C in the BRLCB data reduction program. The data

) C file is GAGEFILE and should be or the same -irive
C as the program.

(C otk s e s e sl e ol o ke o e o e o e sl ale o ol ok o ke o e e ol sl s ol ol o o o e o e e e sl e ol e ok ke ol ool e o o ol o e s ake

CHARACTER AG (100)*6, BG (100)*9, XGAGE*6, YGAGE*6, XTEMP*1
DIMENSION CG (100, 3)

Clescoob stk sk sk i ok ook o skl ab e e s ol o o ol sl e sl o sl o e oo e ol e s ale s sl e sl ool ol e o ool e b o ol sl ale s af o ke o ke ke ke
Cersdorokkdokkok CLEARINI‘. ARRAYS etk skabeokeok skt she ke s b s oo e oo o b s s o s s ae s se e sl s ok o ol o ok sk
Coteske i abeabeoge s s s aje ot e ol o b ol o e o o e s ol o s ale ool e o s e e e o s e ae o ol e o ol o s e o e oo ook o e o e o o e s ol s el ok koo o

DO 1000 I = 1, 100
AGMH=" '
BG(DH=" ’
cGa,1)=00
cG(1,2)=00
CG(1,3)=00

1000 CONTINUE

(C e e e sl sl s e o e s e b o e ol b o el e ale ol sl s o kel b s ok o b s b o ke s el b ok ol ol e o ale s oo ek ok s b o e o o o o ale sl o e ok ok ok ke

C The gage data file is read.

C*******#*******#****#************#**t**********m##t************t**#****

CALL READER (ITN, AG, BG, CG)

(C ke et e e ane o ae b sl o o b ol o o o ae b ae o o e e ol o e sk ke o o e o o e sl o ae b o o ol e b s o e afe o e afe ke ale o e e sk o o e o o e e e e ke ol e e ok

C The number of pages is determined.
C******#**#**#*******t*tt*&****************************ttt**t**********t
1010 CONTINUE

IF (TN .GE. 1) .AND. (ITN .LE. 20)) NPAGE = 1

IF (TN .GE. 21) .AND. (ITN .LE. 40)) NPAGE = 2

IF (TN .GE. 41) .AND. (ITN .LE. 60G)) NPAGE = 3

IF (ITN GE. 61) .AND. {ITN .LE. 80)) NPAGE = 4

IF ((ITN .GE. 81) .AND. (ITN .LE. 100)) NPAGE = §

Coate et aeakeat cal e s e ae b o o e ol ol o b s ol o o sl o o e ol o e ol sl ol ol ol o o o o o ol o o oo ook ok ool o sk b ok b sk ok ke ok sk ok ko ok ok

C The gage sub-menu is presented.
C***t*t#**#**&******##t*ttt*#*****t#*#t##*#t#tt**t****#*tttt##t**t***##t
1020 CONTINUE
CALL CLEAR
- WRITE (*, 6000)
6000 FORMAT(’ *,T30,'Gage Maintenance Program’)
WRITE (*, 6010)




6010 FORMAT(’ ', T38,’Sub Menu’)

WRH‘E (l«' Il)

WRITE (t' ll)

WRITE (*, ¥)°’ 1. View gage information.’

WRITE (*, *) ’ 2. Add a gage to data base.’

WRITE (*, *) * 3. Delete a gage from data base.’
WRITE (%, ¥)°’ 4. Locate specific gage in data base.’
WRITE (*, %)’ 5. Exit.’

W'RI'I'E (*’ 'll) L

WRITE (*, *) *  Please Enter Your Choice (1-5): *
READ (*, *) ICHOICE
IF (ICHOICE .GT. 5) THEN
WRITE (*, *)
WRITE (*, *) 'The choice you have made is not between’
WRITE (*, *) ’1 and 5. Please select again.’
GO TO 1020
END IF

Cateskedkateaate ok o s oo s o i o e b s s oo g oo e o ool o b oo b oo o o o e oo ok e sl e o o ae ol e s ol o e ae ok ol ae e ofe ok o e ok ok ok ok ok

C The proper action is taken depending on the selection.
C*tt##t**lﬂk*******************#********t********************************
IF (ICHOICE .EQ. 5) GO TO 1030
IF (ICHOICE .EQ. 1) THEN
C************lHl*******t*****************************t****t**************
IF (ITN .EQ. 0) THEN
CALL CLEAR
WRITE (*, *) "No gages are in the gage file.’
WRITE (*, *) "Enter another option.’
WRITE (*, *)
PAUSE
GO TO 1020
END IF
CALL CLEAR
WRITE (*, *)
1040 CONTINUE
WRITE (*, 6020) ITN
6020 FORMAT(' *,'Thzre are ',I3," entries in the gage data file.")
WRITE (*, 6030) NPAGE
6030 FORMAT(’ *,'This information is displayed in’,I3,’ screen pages.’)
WRITE (*, 6040)
6040 FORMAT(' ',"Which page would you like to view? ')
READ (%, *) IPAGE
IF (IPAGE .GT. NPAGE) THEN
WRITE (*, *)
WRITE (*, *) "'The choice you have made is not in’
WRITE (*, *) 'the proper range. Please select again.'
GO TO 1040
END IF
CALL HEADER
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CALL PAGER (TN, IPAGE, AG, BG, CG)
GO TO 1010

Ct**********************$*#***************************tt**********#*****

C The end of option 1.

C***************#************##***************************************#*

END IF

Cterkeatakakseate o e e s e e e ool o ol ool o ool e o ae e e ol ae ol e sl e o e ol s e ol o ok o o ok e o o ol sl sk ol ok ok kel sl ok ok ke ok

C Option 2
C**#******************#****#***#*******t*********#****************#*****
IF (ICHOICE .EQ. 2) THEN
CALL GAGEADD (iTN, AG, BG, CG)
GO TO 1010
END IF

(et e sl o e ae o s e e oo e sl ool o b o ko e aleale s e sk e ol e o o e o e o e ae e ae ol e o o e e ool e ol el ale sk o o o o e e ol e sl e e o

C Option 3
C*t*tt#t*#*******#v*tt***#*********t#t******t#**********#***************
IF (ICHOICE .EQ. 3) THEN
CALL DROPPER (ITN, AG, BG, CG)
GO TO 1010
END IF

C**#*********t**************************t**********#**t*****************

C Option 4

Ct*t**********#***************#************#************************t#t*

IF (ICHOICE EQ. 4) THEN

C***i************it*i******#*******#*******#*##&*******#*t**#********#**

C A screen c'earing routine should be inserted at this point
C###*#ttt**#*##*#****t**&*****#**t********####*********#*#************#*
CALL CLEAR
1050 CONTINUE
WRITE (*, *) 'Enter the 1.D. number of the desired gage. '
WRITE (*, ¥) 'Enter all letters as capital letters.’
READ (*, 5000) XGAGE
5000 FORMAT(AG6)
1060 CONTINUE
YGAGE ="' )
IF (XGAGE .EQ."’ ") GO TO 1050

C####‘t*******#t***##t***t***####*##********&**#*************#tt****#***

C Test is determine if xgage starts with a blank
C***#t*t#ttt*t#**#*t#t‘t*#**t##**#&*tt#tttt***t&#**t#tt**#***###**#tttt*
IF (XGAGE (1:1) .EQ. ' ") THEN
DO 1070 11=2,6
YGAGE (I - 11l - 1) = XGAGE (I:])
1070 CONTINUE
XGAGE = YGAGE
GO TO 1060
END IF

C&Ut‘*t.‘l‘t.&-&*‘#*t*tt#tlt&.*#*t**i***l‘t#**#t#t*tltt**#‘ttt#&**&tt‘##

C Now the search begins.
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Coke stk s e sk e s s e sk e e e e e o e sl ke e sl o ae ook ae o o ok e o s kol ok e o e s ek o s s e e ke s e sk ke sl ol ok o ok o o e ok ke ke

DO 10801=1, ITN
IF (XGAGE .EQ. AG (I)) THEN
WRITE (*, *) 'A match has been found.’
WRITE (*, %)
WRITE (*, %)
PAUSE
CALL HEADER
WRITE (*, 6050) I, AG (D), BG(1),CG (1, 1),CG {1, 2), CG (1, 3)
6050 FORMAT( ’,I3,2X,A6,2X,A9,3X,E12.5,6X,E12.5.6X E12.5)
WRITE (*’ t)
WRITE (*, *) 'Press Enter to Continue. *
READ (*, 5010) XTEMP
5010 FORMAT(A1)
GO TO 1010
END IF
1080 CONTINUE
WRITE (*, *) "The gage is not in the table.’
WRITE (*, *) 'Press Enter to Continue. *
READ (*, 5010) XTEMP
GO TO 1010

C***************************#**ﬁ*****#**************#*******t**#****t*#*

C This is the end of option 4.

(e st e e e sl ae e e o e e b o aeae e e o s e sl e oo e o o o o o o o o o o ol o ke o e e o ae e sl st ol s o e sl o o o o o ol o o ok e ok ok ok

END IF

(o0 v e 2k s e e b ol b e b e oo e e o o e a2 e o e s o abe b o e b S ae b o o o o e e ale ae e o o e ok s ol sl ol ol ok e ok ok ok e e o o e ke ol

C To exit the program the gage file is written.
C******t****##****t****#***t************t******t****tt**tt*#t***********
1030 CONTINUE
OPEN (UNIT = 8, FILE = 'GAGEFILE’)
WRITE (8, *) ITN
DO 10901 =1,ITN
WRITE (8, 6060) AG (1), BG I), CG (1, 1),CG (1, 2), CG (1, 3)
1090 CONTINUE
6060 FORMAT(A6,A9,3E12.5)
CLOSE (UNIT = 8)
STOP
END

Crrtesakaaaedk e et bk sk ol ok sk ko oo ol ol o ool o o ok o o o o ol o o o s o aa ol ok ool o ook ek ok ok o ok o ok

SUBROUTINE HEADER
Ct**tt###**t&***‘***t*****“***"#####t*tt****#*****#**#***###t*t#***ttt
CALL CLEAR
WRITE (*, *) ' The data fit is of the form: A + Bx + CxA2’
WRITE (*, 6000)
6000 FORMAT(' ',’ #4X,'LLD.',3X,'Cal. Date',8X,’A",18X,'B",18X,'C")
WRITE (*, 6010)
6010 FORMAT(' ',80(*-")
RETURN
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END

C"t.‘t‘t".0"t“t!t"t00“t#t.lt‘t‘t#‘#‘t"t‘t‘#t‘#‘##‘t#‘l‘.‘l*-‘#t“

SUBROUTINE PAGER (ITN, IPAGE, AG, BG, CG)

L L T PP R PP T
CHARACTER AG (100)*6, BG (100)*9
DIMENSION CG (100, 3)

C‘."tt‘t‘t“t““t.t‘l.tt‘.&“t##l.ltt‘.“#‘“#‘i‘.ﬁ‘.tl‘#““.“##.ttt

C Test io see if there are entrics on the chosen page.
C‘.O“““tttl‘tt#t‘“tt.tl‘lttltt*t‘#tth‘tttttt#‘tt*#tt##ttttt‘*tt*“#‘
1000 CONTINUE
IX = 20*(IPAGE - 1)
IF (IX .LT. ITN) GO TO 1010
WRITE (*. *) ‘There arc no entries on the page selected.’
1020 CONTINUE
WRITE (*, *) 'Please enter a new desired page number., '
READ (*. *) IPAGE
CALL HEADER
GO TO 1000
1010 CONTINUE
ISTART = 20*(IPAGE - 1) + |
[END = MINO (20*IPAGE, ITN)
DO 1030 I = ISTART, [END
WRITE (*. 6000) I, AG (I). BG (), CG (1, 1),CG (1, 2), CG (1, 3)
1030 CONTINUE
6000 FORMAT(" '13,2X,A6.2X,A9,3X,E12.5,6X,E12.5,6X,E12.5)
1040 CONTINUE
WRITE (*, *) 'New page (1) or options (2)? '
READ (*, *) IOPT
IF (10PT .GT. 2) THEN
WRITE (*, *)
WRITE (*, *) "The choicc you have made is not a’
WRITE (*, *) 'l or 2. Please sclect again.’
GO TO 1040
END IF
IF (1I0PT .EQ. 1) GO TO 1020
RETURN
END
Cttt‘...t.t‘tt‘ttt.“tttﬁt.tt‘t‘tt.t‘tttt“‘t“‘#tttt#tt#*‘t*“‘*#‘t#ltt
SUBROUTINE READER (ITN, AG. BG, CG)
Ct..“t‘t...‘00‘0""t‘...‘tO"“‘i.‘.ltttt‘tt‘&“““tbt‘t#“““*“##‘
CHARACTER AG (100)*6, BG (100)*9
DIMENSION CG (100, 3)
OPEN (UNIT = 7, FILLE = 'GAGEFILE")
REWIND 7

C...t."..Q..“‘.‘."O“..t...‘.‘.0“"ttt’.‘t..“t‘““““#‘**“‘#.t“

C The gage file is opened and read

C.‘.‘t‘...t.&‘“t.‘.t&t.‘.‘.‘l‘t‘t‘Utt‘tt‘#“t‘t.t“‘*“““ti‘.“tt‘&“

READ (7, ) ITN




IF (ITN .EQ. 0) THEN
WRITE (*, *) "The gage file is empty.”
CLOSE (UNIT = 7)
RETURN
END IF
DO 10001 = 1, ITN
READ (7, 5000) AG (1), BG(I), CG (1, 1), CG (1, 2), CG (1, 3)
1000 CONTINUE
5000 FORMAT(A6,A9,3E12.5)
CLOSE (UNIT = 7)
RETURN
END

C##*##t‘t#*‘.******‘#t*##tt#t**#itt#t***‘t******i##**t*tt#ttt*ttt*#**t**

SUBROUTINE GAGEADD (ITN, AG, BG, CG)
Ctt*t*ttt#**t.#ttt#*#ttt*#t#tt#*ttttt**#****tt#*#*#t*****tt****tt#*tt***
CHARACTER AG (100)*6, BG (100)*9, XGAGE*6, YGAGE*6
DIMENSION CG (100, 3)
ITN=ITN + 1
IF (ITN .GT. 100) THEN
WRITE (*, *) 'No room left in the gage data file.’
WRITE (*, *) 'Return to menu and delete unwanted gages.’
RETURN
ENLC IF
CALL CLEAR
1000 CONTINUE
WRITE (*, *) ' Please enter the gage ID. '
WRITE (*, *) ' Enter all letters as capital letters.’
READ (*, 5000) XGAGE
5000 FORMAT(A6)
1010 CONTINUE
YGAGE ="' ’
IF (XGAGE EQ."’ ') GO TO 1000

C#**i****t#**********&***********#*t*t*‘*****tt***********&***#*******#*

C Test is determine if xgage starts with a blank
C*#tt#t*#ti****************t***‘******#*******t******#**l#**#**********t
IF (XGAGE (1:1) .EQ. ' ") THEN
DO 102011 =2,6
YGAGE (Il - 1:1i - 1) = XGAGE (IL:I)
1020 CONTINUE
XGAGE = YGAGE
GO TO 1010
END IF
AG (ITN) = XGAGE
WRITE (*, *) 'Enter the date of gage calibration (mm/dd/yy). '
READ (*, 5010) BG (ITN)
5010 FORMAT(A9)
WRITE (*, *) 'Calibration constants must produce pressure in MPa’
WRITE (*, *) "The form of the data fit is: P(MPa)= A + Bx + CxA2’
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WRITE (*, *) 'Enter the value for A:;°

READ (*, *) CG (ITN, 1)

WRITE (*, *) 'Enter the value for B: ’

READ (*, *) CG (ITN, 2)

WRITE (*, *) 'Enter the value for C: *

READ (*, *) CG (ITN, 3)
C***‘*t*#tt**#*#tlt*#tt#t#t*&**#****t*#*t*******i********#*****t**#t*#**
C Now a search is performed to determine if the new entry supercedes
C a earlier data set.
C&*t‘t###t#&ttttt**t*tttt*tt##**#*#tt**&*************t********#*****#***

DO1030I=1,ITN-1

IF (XGAGE .EQ. AG (1)) THEN
WRITE (*, *) 'The gage added to the data base was already in’
WRITE(*,*)'the data base. The earlier entry will be tagged’
WRITE (*, *) 'with a "*" as the last character of the LD. field.’
XGAGE (6:6) = '*’
AG (I) = XGAGE
WRITE (%, %)
PAUSE
END IF
1030 CONTINUE
RETURN
END

(o0 ek o e sl e s o abe sk ae o e e s e o e ol o s o o o e ol ol o e o e e e o s e ok ok ok o sk ol ke o ale o e o oo b ke e e s ke e ae ko b e ok o ke o ok ok

SUBROUTINE DROPPER (ITN, AG, BG, CG)
Ct*t***ﬁ**t*‘#t***#*******ttt*********#*tt**##*#****#*******************

CHARACTER AG (100)*6, BG (100)*9

DIMENSION CG (100, 3)

CALL CLEAR

WRITE (*, *) "Enter the number for the line in the gage data file’

WRITE (*, *) ‘to be deleted. This is not the gage 1.D. ’

READ (*, *) IDEL

C*#*******#*********#***#*#*********tt**********************************

C Shifting the entries in the table.
C*tt*t#****“**#t*******#**#tt*#*************t********#*tt#t*******t*tt*
DO 1000 I = IDEL + 1, ITN
AG(A-1)=AG()
BG(I-1)=BC ()
CGA-1,H)=CG (L, 1)
CG(1-1,2)=0G (1, 2)
CG(1-1,3)=CG (1, 3)
1000 CONTINUE
ITN=ITN -1
RETURN




END

C###**Vli**#*#lk*#******#**‘**t*##**t#*t*t*#*ﬁ*********‘k**###********»***#

SUBROUTINE CLEAR
btk bk e ol AR R o RO R d R on R R ok o o
CHARACTER ST*4
DATA ST;/° [2)/
WRITE (*, 6000) ST
600G y'OGRMAT (1X,A4)
RETURN
END
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APPENDIX H:

LISTING - PROGRAM MKPTDATA.FOR




INTENTIONALLY LEFT BLANK.
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PROGRAM PTDATA

C*******#*###*#***tt*#*****###t#*#**tt*t***#**#****#******t*##*#*t#****#

C Version: 3.0, JANUARY 1991

C

C Last Revision: 2/8/92; cleanup

C

C Written by: William Oberle, U.S. Amy Research Laboratory
C

C Purpose: The purpose of this program is to prepare the pressure
C time data for use in BRLCB. This assumes that the P/t
C or V/t data has been obtained elsewhere.

C********###*#***************#*#*tt*&##***#********************#****#t#*

CHARACTER CH*1

1000 CONTINUE

CALL CLEAR
WRITE (*, 6000)

6000 FORMAT(////)
WRITE (*, 6010)

6010 FORMAT(10X,"BRLCB supports five options for preparing’,
1/,10X, 'the pressure-time data for the computation’,
2//,15X,’1. ASCII file of time & pressure, 2 col, time/pressure’,
3/,15X,’2. ASCII file of pressure, 1 col, pressure’,
4/,15X,’3. ASCII file of time & voltage, 2 col, time/voltage’,
5/,15X,’4. ASCII file of voltage, 1 col, voltage’,
6/,15X,’5. A voltage-time file from VuPoint/BRL Procedure.’,
7/,15X,'6. Exit Option."J//,
810X,"How will the pressure-time data be entered?’,
9/,10X,’Enter your choice. (1-5 or 6 to EXIT)’,//))

READ (*, 5000) ICHO

5000 FORMAT(2)

IF (ICHO .EQ. 1) THEN
CALL ASClI

ELSE IF (ICHO .EQ. 2) THEN
CALL BSCH

ELSE IF (ICHO .EQ. 3) THEN
CALL CSCII

ELSE IF (ICHO .EQ. 4) THEN
CALL DSCII

ELSE IF (ICHO .EQ. 5) THEN
CALL VU

ELSE IF (ICHO .EQ. 6) THEN
GO TO 1010

ELSE
WRITE (*, *) "WARNING!! Your selection is not between 1 & 6.’




WRITE (*, *) "Try Again.’'
PAUSE
GO TO 1000
END IF
C Provisions to convert an additional file included
CH="Y
CALL CLEAR
WRITE (*, 6020)
6020 FORMAT(////,10X,’Do you wish to prepare an additional pressure’,
1/,10X,'time fle for BRLCB? [Y/N]")
WRITE (*, 6030) CH
6030 FORMAT( '///,10X, Enter your choice. [",Al,’]")
READ (*, 5010) CH
5010 FORMAT(A1)
IF ((CH .EQ. 'Y") .OR. (CH .EQ. 'y’) .OR. (CH .EQ. ' ")) THEN
GO TO 1000
END IF
1010 CONTINUE
END

C et sk oo e ok e b ok o ook ool ol ok e oo s ol e e o e o e sl o e s e o e s sl o sl e ok ok s o e s o o o ol e sk s e o e ale ke o ok ke ok ke

Cortedeteskenke s s e ot oo v ek o ok ok e ook o SUBRQUTINE ASCIT e okoskokokatske sk she s ol o ok de o o 3 ok ok e e o ook e e
C*t*******#*******#*&***tt**i************************&#*************#***

SUBROUTINE ASCII
DIMENSION VT (2050)

CHARACTER*20 NAME, NAME1, GAGE*6

CALL CLEAR

WRITE (*, 6000)

6000 FORMAT(//,10X,’Enter the file name for the pressure and’,
1/,10X,'time data, include drive and extension. °,
2/,10X,'It is expected that the data will be in two’,
3/,10X,’columns, time & pressure. The time step is’,
4/,10X,’not important but the pressure must be in’,
5/,10X,’'metric units of MPa. If the pressure is not’,
6/,10X,’in MPa, it must first be converted. A maximum’,
7/,10X,’of 2048 time/pressure pairs is allowed.’ ///)

READ (*, 5000) NAME
CALL CLEAR
WRITE (*, 6010)

6010 FORMAT(////,10X, Enter the file for the output file which will’,
1/,10X,’contain the pressure-time data ready for BRLCB. °, .
2/,10X,’Enter file name, all DOS path conventions apply,’,
3/,10X,but there can be no extension for the file.’,
4/,10X,’Note: This file name will be the namc used for all’,
5/,10X.’other files produced by the BRLCB analysis.’,
6/,10X,'This is the file name to use when asked in subscquent’,
7/,10X,’options for a file name.’,//)

READ (*, 5000) NAME1

5000 FORMAT(A20)
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CALL CKNAME (NAME]1)
CALL CLEAR

C**#*t***‘l**##**#***********#*w##*********#l&**********#t**************#*

Cewrrdk GAGE INFORMATION IS STILL REQUIRED FOR THE FILE *##dkdktkkanstn

(Cerkeateokake bl e s s o o b ok i ae o ool ol oo e ol e o o ol o e o o o s ol ool ol e e ool e o ol oo o ok o o ool e ol ook o o sk ok ok ok

GAGE = "None’

AX =00
BX =00
CX =00
VIN = 0.0

(C ottt deake e s e o e s s o o ate s ol ae e o ae i o ol o o aecde e o e ol ool oo ok o ool e oo bl oo e o e el ol s ol ae ol o ol ook ool e e e N e ke
Crieskedesierke sk o ok ok e e e sk ok OUTPUT FILE IS CREATEID ¥k ok seske okl s o skl ok de ok
(ke seakeoke e e ol o e ool e o e oo o e e o e o oo ol o o o s ool oo ol afe s s sl ol ol ol o o oo b o o e o e s s e ol ol ke o o oe o e e

Crxcklokiokiokk ki k ok Dracoyre-time datz is read ke e 30 3 e 2 ok a b o e de de e 2 s e o e ae afe ok ol e ok
C*****#t**t********#********llllll#t************t***********#*i#***********

CALL CLEAR
Nv =1
OPEN (UNIT = 7, FILE = NAME)
REWIND (7)
READ (7, ¥) T1, VT (1)
T1 =00
PMAX = VT (1)
PMIN = PMAX
WRITE (*, 6020)
6020 FORMAT(///,10X,’Enter the time step for the data in millisecs.")
WRITE (*, 6030)
6030 FORMAT(//)
READ (*, *) DTT
DTT = DTT/1000.
TMIN = 0.0
1000 CONTINUE
READ (7, *, END = 1010) T1, VT (NV + 1)
NV =NV +1
IF (NV .GT. 2048) THEN
CALL CLEAR
WRITE (*, 6030)
WRITE (*, *) 'There are more than 2048 points in the file.’
WRITE (*, *) 'Delete points and start over.’
PAUSE
RETURN
END IF
IF (VT (NV) .LT. PMIN) PMIN = VT (NV)
IF (VT (NV) .GT. PMAX) PMAX = VT (NV)
GO TO 1000
1010 CONTINUE
CLOSE (UNIT = 7)
TMAX = (NV - 1)*DTT

C‘&*#&*******#tt*#*#*#*#t***#t#**##*‘#t*tt##***###**#*#t**tt**t*ttt**t**
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CH¥ btk dkokkkkikkk® OUTPUT FILE IS CREATED ko sk ssoh ko sk ok o ook
et kol ko s o oo ol oo s ol ok s o e oo ol e e o ook o
OPEN (UNIT = 7, FILE = NAME1)
REWIND (7)
WRITE (7, 6040) NV
WRITE (7, 6050) PMAX
WRITE (7, 6050) PMIN
WRITE (7, 6050) TMAX
WRITE (7, 6050) TMIN
6040 FORMAT(' ',I5)
6050 FORMAT( ’F15.5)
8000 FORMAT(’ ’,2F15.6)
DO 10201 =1,NV
Ti1=(- D*DTT
WRITE (7, 8000) T1, VT (I)
1020 CONTINUE
WRITE (7, 6060) GAGE
6060 FORMAT( ’,A6)
WRITE (7, *) VIN
WRITE (7, *) CX
WRITE (7, *) BX
WRITE (7, *) AX
CLOSE (UNIT = 7)
RETURN
END

(G et st sk o e o s e s o oo e b o o e b o o sl o ae o e e s s e s s e b o ale S b o ol o o o e ke sl e e e o o e ol o e e o o o ok ok o ok ok e
C*******************i'&** Sl]BROUTINE vU ok afe 2 3 afe e e o ok 2 2 ke 2 3 2 e e 2 abe e abe d afe 3 e 3k ok e o e e ok
C************t*#********************#**#********************************

C Version: 3.0, January 1992

C
C Written by: William Oberle, Ballistic Rescarch Laboratory
C
C Purpose: The purpose of this program is to convert data obtained
C from a closed chamber firing and read by VuPoint
C to the proper form in use by the smoothing and C
differentiating
C routines of BRLCB.
C
Ct**#**t****t#tt#*t##*####t#***#**‘#***#*******lNl****t*********#*t*t#***
SUBROUTINE VU
DIMENSION VT (2050)

CHARACTER*20 DRIVE*1, NAME, DRIVE1*1, NAME]1, FILEC, FILEV, FPVT,
1 A*], LINE*40, GAGE*6, G*6, H*9
CALL CLEAR
WRITE (*, 6000)
6000 FORMAT(///, 10X, Enter the drive where the calibration’,
1/,10X,'and voliage data is stored. *.//)
READ (*, 5000) DRIVE




5000 FORMAT(AI)
WRITE (*, 6010)

6010 FORMAT(//,10X, Enter the file name for the calibratior:’,

1/,10X,’and voltage data. './))
READ (*, 5010) NAME

5010 FORMAT(A20)

WRITE (*, 6020) DRIVE

6020 FORMAT(//,10X, Enter the drive for the output file’,
1/,10X,'which will contain piessure-time data. [",Al,’]'J/)

READ (*, 5000) DRIVE1
IF (DRIVEL1 .EQ. ' ") DRIVE] = DRIVE
WRITE (*, 6030)

6030 FORMAT(////,10X,’Enter the file for the output file which will’,
1/,10X,’contain the pressure-time data ready for BRLCB. °,
2/,10X,’Enter file name, there can be no extension for the file.’,
3/,10X,’Note: This file name will be the name used Jor all’,
4/,10X,’other files produced b’ the BRLCB analysis.’,
5/,10X,'This is the file name to use when asked in subsequent’,
6/,10X,’options for a file name.' /)

READ (*, 5010) NAME!

(Cteseakeake sk s e ae ok s e e ae b s e e o ae e e s s el o ke ale o ok o e ke o b o e o e e e ale e e e sk a e o ok i o ok o e o s ol o ke ol e sl ale e ok e ok

Cietokseondkaf sk el ek o ok FILE NAMES ARE DETERMINE]ID # %tk sk i sk sk s sk se s s s s e s ae s b oo e ok o

Cteake e skt sk afe o b o e e o e oo o o o o e o e e sl e oo b oo ke o e e o s o o o o e ok ol e sl ke ak e ool i oo ko ke e s o el ol e o ok ok

FILEC = DRIVE
FILEV = DRIVE
FPVT = DRIVEI

FILEC (2:2) = '’
FILEV (2:2) =
FPVT (2:2) ="
FILEC (3:20) = NAME
FILEV (3:20) = NAME
FPVT (3:20) = NAME1
DO 10001 =1, 20
A = FILEC (I:I)
IF (A .EQ.'.' .OR. A EQ. ' ') GO TO 1010
1000 CONTINUE
1010 CONTINUE
FILEC (L.l + 3) = '"C.AD’
FILEV (I'I + 3) = '"V.AD’
DO 10201=1, 20

A =FPVT (L.])

IF (A .EQ.'.’ .OR. A .EQ. ' ") GO TO 1030
1020 CONTINUE
1030 CONTINUE

FPVT (Il + 3) = " PVT’

C"t#‘lt‘itli*t**t‘*t‘*l‘*tt*t#*&*****t**llt*#v**#t‘*#t*t******#******t‘t

C“‘#‘tl‘i*l“* GAGE INFORMATION IS ENTERED *¢%éwsunskbhbnsnbbkbhbbbdhbbd

CU‘i#".#'t“ltt‘&*“U**t#t###titﬁt**ttl*t“t#tt##t*t#t****v##ttt*t##*##
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CALL CLEAR
WRITE (*, *) 'Enter the gage calibration input voltage. °
READ (*, *) VIN

1040 CONTINUE

CALL CLEAR
WRITE (*, *) *°*

1050 CONTINUE

WRITE (*, *) 'Gage information is required.’
WRITE (*, *) '1. Use gage information file.’
WRITE (*, *) '2. Enter gage information interactively.’
WRITE (*, *) 'Please Enter Your Choice (1-2):’
READ (*, *) ICHOICE

IF (ICHOICE .GT. 2) THEN
WRITE (*, *) Your choice isnot 2 1 or 2.°
GO TO 1640
END JF
IF (ICHOICE .EQ. 1) THEN
CALL CLEAR
WRITE (*, 6040)

6040 FORMAT(////,10X, First the gage information file will be’,
1/,10X,’provided to allow the proper gage ID to be determined’,
2/,10X,’the gage ID will be used to select the required’,
3/,10X,"information.’ /)

PAUSE

CALL MKGAGE

CALL CLEAR

WRITE (*, *) 'Please enter the gage 1.D. as in the gage file.’
WRITE (*, *) "All capital letters.’

READ (*, 5020) GAGE

5020 FORMAT(AS6)

OPEN (UNIT = 3, FILE = '"GAGEFILE’, STATUS = 'OLD")
READ (3, *) ITN
DO 10601 = 1, ITN
READ (3, 5030) G, H, CX, BX, AX
5030 FORMAT(A6,A9,3E12.5)
iF (GAGE .EQ. G) THEN
CLOSE (UNIT = 3)
GO TO 1070
END IF
1060 CONTINUE
CLOSE (UNIT = 3)
WRITE (*, *) "The gage is not in the gage file, enter’
WRITE (*, *) 'the information interactively or add to the'
WRITE (*, *) 'the gage information to the gage file.’
PAUSE
CALL CLEAR
GO TO 1050
1070 CONTINUE




CLOSE (UNIT = 3)
END IF
IF (ICHOICE .EQ. 2) THEN
CALL CLEAR
WRITE (*, *) 'Enter the gage 1.D.’
WRITE (*, *) "All capital letters.’
6045 FORMAT (A6)
READ (*, 6045 ) GAGE
WRITE (*, *) 'Enter the coefficients of the second order fit’
WRITE (*, *) *for the conversion from voltage to MPa. Start’
WRITE (*, *) 'with the coefficient of the second power. '
WRITE (*, *)
WRITE (*, *) 'Enter the coefficient of the second power. '
READ (*, *) AX
WRITE (*, *) 'Enter the coefficient of the linear term. ’
READ (*, *) BX
WRITE (*, *) 'Enter the constant term. '
READ (*, *) CX
END IF
Ct#*****#*l"ll*t*************t*#**&************t*t************lﬂk#*****#***
C***********#tt***t****#*# DATA CONVERSlON a3 afe aje 3 2e e alc e aje 3 abe 2 afe bk e ok o o ok ofe e aje e e 2l e e o
C*****#*l‘t###*t&**#*********t#***#*********tt*t******t***t#ttt***&****#lt

CALL CLEAR
WRITE (*, 6050)
6050 FORMAT({//IN,' DATA CONVERSION IN PROGRESS')
CALL POINT (FILEC, NC)
IF (NC .GT, 2048) THEN
CALL CLEAR
WRITE(*,*)’ There are more than 2048 points in the input file.’
WRITE(*,*)’ Delete sufficient points from the calibration file’
WRITE (*, *) ’ and start over.’
PAUSE
RETURN
END IF
OPEN (UNIT = 7, FILE = FILEC)
REWIND (UNIT = 7)
DO 10801=1,13
READ (7, 5040) LINE
5040 FORMAT(A40)
1080 CONTINUE
DO 10901 = 1,NC
READ (7, *) T1, VT ()
1090 CONTINUE
CLOSE (UNIT = 7)
1100 CONTINUE
DO 1110 KK = |, NC
IF (VT (KK) .GT. 0.0) THEN
N2=KK-3
N3=KK +3
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GO TO 1120
END IF
1110 CONTINUE
1120 CONTINUE
N4=NC-3
N1=3
1130 CONTINUE
VMIN = 0.0
VMAX =00
DO 1140 I = N1, N2
VMIN = VMIN + VT (I)
1140 CONTINUE
VMIN = VMIN/(N2 - N1 + 1)
DO 1150 I = N3, N4
VMAX = VMAX + VT (D)
1150 CONTINUE
VMAX = VMAX/(N4 - N3 + 1)
CALL CLEAR
WRITE (%, *) '’
WRITE (*, 6060) VMIN, VMAX
6060 FORMAT(’ ','Minimum calibration voltage = ' F10.5/,
1 ' Maximum calibration voltage = ', F10.5)
PAUSE

C**\ﬁt*#*t#*‘*it*‘************i***‘#**#t#“‘ttt*tt‘ttttttttt‘.‘tttt.t‘tt‘

Ctﬁ#&#‘**#&*#** CONVERS]ON FAC]"OR IS COMPU‘]'ED IJETEIIR AT IT IR AR I3 222 07 27
Ctt***"*‘tl##**ﬁ***‘***#*““‘*“#*"t#“lt“tililiit““t““““.t“t

Q = 1000.0*VIN

F = Q(VMAX - VMIN)

C&‘**‘***‘*.***0‘****‘*‘*‘*."““‘““t.tttttt‘t‘tttt‘lt‘tttt‘t‘tttttt.

Crsssunsinsssss YOLTAGE DATA IS READ AND CONVERTED TO MPa #*¢ssessssssse
C*t**‘*ll**lli‘l*‘#ﬁt&t.tttt‘tt.t.‘ttttt‘t.ttt.tt#ttll!!t.l‘tt.‘t'tt“‘ttttt.
WRITE (*, 6070)
6070 FORMAT(///,10X,'Entcr the timc sicp for the data in millisecs.)
WRITE (*, 6080)
6080 FORMAT(/)
READ (*, *) DTT
DTT = DTT/1000.
TMIN = 0.0
CALL POINT (FILEV, NV)
IF (NV .GT. 2048) THEN
CALL CLEAR
WRITE(*,*)’ There are more than 2048 points in the input file.’
WRITE(*,*)' Delete sufficient points from the calibration file’
WRITE (*, *) ' and stant oves.'
PAUSE
RETURN
END IF
OPEN (UNIT = 7, FILE = FILEV)



REWIND (7)
DO11601=1, 13
READ (7, 5040) LINE
1160 CONTINUE

READ (7. %) T1, VT (1)

TEMP = VT (1) - VMIN

TEMP = TEMP*F

VT (1) = AX*TEMP*TEMP + BX*TEMP + CX

PMAX = VT (1)

PMIN = PMAX

DO 11701 =2, NV

READ (7. *) T1, VT ()
TEMP = VT (I) - VMIN
TEMP = TEMP*F
VT (1) = AX*TEMP*TEMP + BX*TEMP + CX
IF (VT (1) .LT. PMIN) PMIN = VT (I)
IF (VT (I) .GT. PMAX) PMAX = VT (I)
1170 CONTINUE

CLOSE (7)

TMAX = (NV - 1)*DTT
Cl"ttﬁtttt‘ttt*“‘tit*#*#‘*‘.t*ttt*l*#****t#lit‘lt&##*tt*#‘lttttt#*#t*#‘t
C“i‘.t‘t‘t‘tt‘t*““‘ wmlNG OU"I'PlJT F[LE o 2l 1 o e e o o e e afe a2 2 i afs o o ol o afe e o ol e afe ok
Ct‘.‘-tt‘“‘*.‘*““it*‘t*“‘*#“ttt#*‘***‘##‘t####*#t*#**ttt‘t#t**t###l

OPEN (UNTT = 7, FILE = FPVT)
REWIND (7)
WRITE (7, 6090) NV
WRITE (7, 6160) PMAX
WRITE (7. 6100) PMIN
WRITE (7, 6100) TMAX
WRITE (7, 6100) TMIN
6090 FORMAT( '.I5)
6100 FORMAT(' 'F15.6)
8000 FORMAT(' '2F15.6)
DO 11801 =1, NV
T1 =( - 1)*DTT
WRITE (7, 8000) T1, VT (I)
1180 CONTINUE
WRITE (7, 6110) GAGE
6110 FORMAT( ‘.A6)
WRITE (7, *) VIN
WRITE (7, *) CX
WRITE (7, *) BX
WRITE (7, *) AX
CLOSE (7)
RETURN
END

C.““““l“&‘i“‘#t"*.““*l.tt‘&“.‘i‘i#‘tttt““tt‘tlit‘tt““*t‘t‘lt
CO“““““‘.‘.“. SUBROW'N’E POlN'r (A3 AL XA T IR d 2 A 22 L IIdd 222 2 R 1Ld)
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Ct#‘#t‘#‘ﬁttttttﬁt‘tt‘t*tt‘tt##ll#*ttt#tt*t‘ttm*#t**t####*#*#*“#*&&#**#‘

SUBROUTINE POINT (F, N)
CHARACTER A*40, F*20, B*21
OPEN (UNIT = 8, FILE=F)
REWIND (8)
DO10001I=1,9
READ (8, 5000) A
5000 FORMAT(A40)
1000 CONTINUE
READ (8, S000) A
BACKSPACE (8)
IF (A (23:23) .EQ. '") THEN
READ (8, 5010) B, N
ELSE
IF (A (24:24) EQ. '"") THEN
READ (8, 5020) B, N
ELSE
IF (A (25:25) .EQ. '"’) THEN
READ (8, 5030) B, N
ELSE
READ (8, 5040) B, N
END IF
END IF
END IF
5010 FORMAT(A21,11)
5020 FORMAT(A21,12)
5030 FORMAT(A21,13)
5040 FORMAT(A21,14)
CLOSE (UNIT =
RETURN
END

Ct#ttt‘tt.t‘tl“tttt‘tt“tttttt&#t“‘#0."&““..‘6““.#““#“#“#‘0“

C#“#.“.“‘.““tt“ SUBROUTINE CI_EAR SESSESE NSNS SRS S S S EE S SRR IS E SN
C“‘..“.““".“"“t‘.*‘l‘.‘t.“it..t-.'ttt‘ttt“.‘.t.‘ttt‘tt‘tt‘t‘t‘

SUBROUTINE CLEAR

CHARACTER ST*4

DATA ST/’ (2)'/

WRITE (*, 6000) ST
6000 FORMAT (1X,A4)

RETURN

END

C..‘.‘..\'a“t‘..“.“".U“.‘.".‘.‘.‘t..‘t#tt“‘t‘.‘ “ENOSSSEIS T S ES SO S S

C“t“.“.t..t‘.“.#“. SUBROWINE MKGAGE #%¢8%623885333585 5530835558850
C“‘t‘.t‘.tt‘..ttﬁ“.0.‘.“.‘&“"““‘tttttt*“tt*“t‘tt“*‘t““‘.tt.“

SUBROUTINE MKGAGE

C"““‘““““O‘.t“‘t“.‘t‘tt.‘t.‘tﬁt“‘t#t‘#tt*‘t&ttt‘t‘t‘tttt‘t““

C Version: 1.0, January 11, 1989
C
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C Written by: William Oberle, U.S. Amy Rescarch Laboratory

C
C Purpose:This program maintains a data base for gages used
C in the BRLCB data reduction program. The data

C file is GAGEFILE and should be on the same drive
C as the program.
Ctttt‘tt‘t‘ltt“tlllhttttt'&tttt‘tttttttt*‘"&&ttl‘tttt*t‘t‘*titt‘tttt&‘ttttt
CHARACTER AG (100)*6, BG (100)*9, XGAGE*6, YGAGE*6, XTEMP*1
DIMENSION CG (100, 3)
DO1020I =1, 100
AG() =" )
BG()=" '
CG(I 1)=00
CG{d,2)=00
CG(1,3)=00
1000 CONTINUE

C.l‘“t.‘.‘..‘*.‘#‘ltttt“t.t“tt.t“"t.tt‘t.&###“l‘*#tttt“tttt‘t‘t***#
C“tttt“‘*#“.t# m gage data ﬁle is md LA 22 2 i 22 R 22 222 Pl
C“.‘.i‘ttt..t‘.““ttt“t‘.tt.‘t"t““t‘l.tl‘t#““““*i‘####‘#ttttlt‘

CALL READER (ITN, AG, BG, CG)

C“t‘t““tt‘*‘0“‘0‘#‘&“#.“.“ﬁ‘t#ttt‘ttt‘tt‘tt#t#t#‘t#“‘t*tttttit&t

Ce#sssssssss The number of pages is delermined. S*eosssssssssssssssrssns
CHosttsttttsssssssstvsststsssssssssussssssttEantitsststttbttstdbtstssnss
1010 CONTINUE

IF (ITN .GE. 1) .AND. (ITN .LE. 20)) NPAGE = 1|

IF ((ITN .GE. 21) .AND. (ITN .LE. 40C)) NPAGE = 2

IF (TN .GE. 41) .AND. (ITN .LE. 60)) NPAGE = 3

IF (ATN .GE. 61) .AND. (ITN .LE. 80)) NPAGE = 4

IF ((ATN .GE. 81) .AND. (ITN .LE. 100)) NPAGE ="

C.“““0‘.‘..t“‘..‘t““.‘.“ll"t.tt‘lt‘“t..tl&.t‘tt“t“ttt‘lttttl‘

C.‘t‘*t“...t m gagc sub_mcnu is pl'CSCIIICd [ ZE2 2T IR T2 I X2 T2 22 23 ] 112y
C"t‘t&t“““..“.‘.‘.#t.t“‘t"t.ltlt.tt“‘tt“#tttt‘t“#“tt“ttttttt

1020 CONTINUE
CALL (LEAR
WRITE (*, 6000)

6000 FORMAT(' *,T30,'Gage Maintcnance Program’)
WRITE (*, 6010)

6010 FORMAT(' ', T38,’Sub Menu°)
WRn'E (.' .)
WRrrE (.‘ .)
WRITE (*, *)° 1. View gage information.’
WRITE (*. *) ' 2. Add a gage to data base.’
WRITE (*. %)’ 3. Dclete a gage from data basc.’
WRITE (*, *) ' 4. Locatc specific gage in data basc.”
WRITE (*, %) ' S. Exit.’
wnrre (" 0)

WRITE (*, *) ° Please Enter Your Choice (1-5): '
READ (*, *) ICHOICE
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IF JICHOICE .GT. 5) THEN
WRITE (*, *)
WRITE (*, *) 'The choice you have made is not between’
WRITE (*, *) 'l and S. Please select again.’
GO TO 1020
END IF
C!ttl***tttm&ttt*#&ttt*ttt&t&&t#t*#****&****t*****t#*ttt#*tttt*********#

Cuexue4 The proper action is taken depending on the selection, ##%%ssx
C*#ti#Iﬂl#ttt*.tttttt*ttt*#ttt*#tltt*ttt*#*#t**lhlnht##t**ttu*tttt#**t*t***
IF (ICHOICE .EQ. 5) GO TO 1030
IF (ICHOICE .EQ. i) THEN
IF (ITN .EQ. 0) THEN
CALL CLEAR
WRITE(*,*) There are no gages in the gage information file.’
WRITE (*, *) 'Enter another option.’
PAUSE
GO TO 1020
END IF
CALL CLEAR
WRITE (%, *)
1040 CONTINUE
WRITE (*, 6020) ITN
6020 FORMAT(' *,'There are ',I3,’ entrics in the gage data file.")
WRITE (*, 6030) NPAGE
6030 FORMAT(’ *,"This information is displayed in’,13.’ screcen pages.’)
WRITE (*, 6040)
6040 FORMAT(’ ’,"Which page would you like to view? ')
READ (*, *) IPAGE
IF (IPAGE .GT. NPAGE) THEN
WRITE (*, *)
WRITE (*, *) 'The choice you have made is not in’
WRITE (*, *) 'the proper range. Please sclect again.’
GO TO 1040
END IF
CALL HEADER
CALL PAGER (ITN, IPAGE, AG, BG, CG)
GO TO 1010

C‘.“t‘t““‘.tt‘t‘tlz*““t‘ttt.tt‘t‘&“t“&*tt&‘*t‘t‘l*‘t‘ttt‘tt‘tttt#“
C“‘.“.“.“.“‘t‘&t m end of opuon 1. LA 2222 AP Rl L E 212 2L Ed 2]
C.‘..t“##“lttt...t.t.tt'.“‘t‘“‘U‘t"#lit‘#t‘tt"*&tttt‘ttt‘t‘t‘tt‘tt‘
END IF
C“‘t“t‘t“t“#&‘.t‘“t.i‘.t“““‘l“tt".‘t‘t““‘ti‘*“““#litt‘t.t
C“““t‘&‘t.‘t.‘t.““.“. OP‘ion D RSB HAUBEI LR IR RS SR RS SRS S SRS &
C‘&‘.‘.“‘*“‘ttt&l‘t&&‘.““itt&t*"*t.tt*t‘tt‘t“ttltt‘#tt‘ltt“ttt*ttt

IF (ICHOICE .EQ. 2) THEN
CALL GAGEADD (ITN, AG, BG, CG)
GO TO 1010

END IF
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C ekt stonok ol otk 3 ok b e sl s e s ol o ol ook o o o o b o e ot e ool s ok ol ok o ok o o o ool ok e o ok o ok ok ok sk ke
Cte et stk st st st s ook oo e sl b o s e o e e o e ok Option 3 e e 35 e 3 e 2 afe e 2 e af e o o e e e ok e 3 e aje e ol ok e ade o e o ok ok
stk st ok s st ool ol e o ool sl o e e ol e o ool e ae i o e aoke ol s obe e ol s ol ol o ol o o ae sl e ol ol o e ok ok ok o ok o ke

IF (ICHOICE .EQ. 3) THEN
CALL DROPPER (ITN, AG, BG, CG)
GO TO 1010

END IF

(Cote ket sk o s e e oo o b ook o e o ol o o e o e o oo e o ol o o o o e oo e o o o s o ol oo ook oo e o e ok o o ol ook ok
Crteviabe sk okt s e s ol s ol sl oo ol ook o o e ke opuon 4 e ok e sk o obe ae ae ol o ok o e o e e ok o e e e e ok e ol ok e
Cteskeate ok ob ok ot o oo o s e s s e o oo ol o e e e ol e o e e oo b al b oo o e o o o o b e o e sl o sl o ok e e o sk ok de ok ok ok ok

IF (ICHOICE .EQ. 4) THEN
CALL CLEAR
1050 CONTINUE
WRITE (*, *) 'Enter the 1.D. number of the desired gage. ’
WRITE (*, *) 'Enter all letters as capital letters.’
READ (*, 5000) XGAGE
5000 FORMAT(A6)
1660 CONTINUE
YGAGE ="’ ’
IF (XGAGE .EQ."’ ") GO TO 1050

(Crte et serkeate ek s e e ol o afe o e o e b o ae e e ol o e e a ol sl o e ol o o e o o o e sl sk o e ol ol e s o o o e e ol sl e e e ok o e ok ok e ok

Cwesunrs Test is determine if xgage starts with a blank ****&skkikkdkik
Clllll*#llttllllti*lll#*********#****tt#llt*********###**************#*#t*********
IF (XGAGE (1:1) .EQ. ' ") THEN
DO10701I=2,6
YGAGE (11 - 1:II - 1) = XGAGE (L:I)
1070 CONTINUE
XGAGE = YGAGE
GO TO 1060
END IF

C‘**‘l#“*t##*tt*tt#‘**###t**tt-ttt*‘t**#***ll*t##*#*&****#*#*******#**t*#
C#“***‘*tt“ltt##‘*t* NOW the search mg"ns e e e e e 2 2 e oo e e ok ok ok ol o ok o e ok e ke ok
Cﬁtt‘t#i#*t**tl‘#‘ttt#ttt#****t#*t‘#tt‘tt##t*t##*‘*t*t#*t#***#*****‘#t#t

DO 10801=1,ITN
IF (XGAGE .EQ. AG (I)) THEN

WRITE (*, *) A match has been found.’

WRn'E (" ll)

WRITE (*, *)

PAUSE

CALL HEADER

WRITE (*,6050) 1, AG (1), BG (), CG (1, 1), CG (1, 2), CG (, 3)
6050 FORMAT(' '.J3,2X,A6,2X,A9,3X,E12.5,6X,E12.5,6X.E12.5)

WRITE (%, *)

WRITE (*, *) 'Press Enter to Continue. '

READ (%, 5010) XTEMP
5010 FORMAT(A1)

GO TO 1010
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END IF
1080 CONTINUE
WRITE (*, *) 'The gage is not in the table.’
WRITE (*, *) 'Press Enter to Continue. ’
READ (*, 5010) XTEMP
GO TO 1010

Ct**‘#‘##**‘*tt‘*#**t********#*********t***#*l**********#*****&***#&****
C#ti**tt*i**#***t#* This is the end of Oplion 4, e 39 e afe db e abe o afe 2 o o o o o ok o e e ae o ek
C**‘#*#t**#*#t#**#********#t***********#**#**t**************************

END IF

C******************#*****#***#*****************************#**##******#t

CHwwskknkdd Tq exit the program the gage file is written. *¥¥¥¥kxukikokkik
C*****************#******#*t*#****************************#**#**t***tt##
1030 CONTINUE

OPEN (UNIT = 8, FILE = 'GAGEFILE’)

WRITE (8, *) ITN

DO10901=1,ITN

WRITE (8, 6060) AG (I), BG (I), CG (1, 1), CG (I, 2), CG (1, 3)

1090 CONTINUE
6060 FORMAT(A6,A9,3E12.5)

CLOSE (UNIT = 8)

RETURN

END

C#ﬁ************************************************t*******************

SUBROUTINE HEADER
o L T L
CALL CLEAR
WRITE (%, *) ' The data fit is of the form: A + Bx + CxA2’
WRITE (*, 6000)
6000 FORMAT(' ', #.4X,1.D.",3X,’Cal. Date’,8X,’A",18X,'B",18X,'C’)
WRITE (*, 6010)
6010 FORMAT( ',80(’-")
RETURN
END

Ct&t*t#t*t*t#**t*#***#*#t*i#****#*#*#*#**#****#‘#**t*##t#*##t*t****#*‘**

SUBROUTINE PAGER (ITN, IPAGE, AG, BG, CG)

L T T T
CHARACTER AG (100)*6, BG (100)*9
DIMENSION CG (100, 3)

C*‘i“*t*#**t*“t*i*‘*ti‘*‘t*#*ttt#*t***t***t#‘i##*#***t*****#**‘##‘#t#*

Ceessxes Test to sce if there are entries on the chosen page. ¥*%%%¥%s%«
C‘.ittttti*‘t‘tl*tttt‘#*t*‘l&t*tttt‘tttt‘t*ttttttttt#*t***t**#t*ttt*“t‘
1000 CONTINUE
IX = 20*(PAGE - 1)
IF (IX .LT. ITN) GO TO 1010
WRITE (%, *) 'There are no entries on the page sclected.’
1020 CONTINUE
WRITE (*, *) 'Please enter a new desired page number. '
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READ (*, *) IPAGE
CALL HEADER
GO TO 1000
1010 CONTINUE
ISTART = 20*%(IPAGE - 1) + 1
IEND = MINO (20*IPAGE, ITN)
DO 1030 I = ISTART, IEND
WRITE (*, 6000) I, AG (I). BG (1), CG (1, 1), CG (1, 2), CG (1, 3)
1030 CONTINUE
6000 FORMAT(' ’,13,2X,A6,2X,A9,3X,E12.5,6X,E12.5,6X,E12.5)
1040 CONTINUE
WRITE (*, *) 'New page (1) or options (2)? *
READ (*, *) IOPT
IF (IOPT .GT. 2) THEN
WRITE (*, *)
WRITE (*, *) 'The choice you have made is not a’
WRITE (*, *) ’1 or 2. Please select again.’
GO TO 1040
END IF
IF (IOPT .EQ. 1) GO TO 1020
RETURN
END

C***#**#*#*l.llll*!lt*********‘*##*******’lﬂ‘l*******###*************#*********#*

SUBROUTINE READER (ITN, AG, BG, CG)
Crdbkiokk kb ok bk kb kb ok bk ook koo ko ok
CHARACTER AG (100)*6, BG (100)*9
DIMENSION CG (100, 3)
OPEN (UNIT = 7, FILE = 'GAGEFILE’)
REWIND 7

C****#****##‘lll!*****t#tt‘*****#*****#***l##*ttt*#**t****#tt*****tt*****#

C**t**tt**#****** 'l"he gage file iS owncd and read a2k e ale o afe ae s e o o ok afe e o e ol o e age o
Ct*#*##llntt**t*t******t*‘##ttl##*#t***#******#**#t##*t#tt*&*t*##**#t*#*#t
READ (7, *) ITN
IF (ITN .EQ. 0) THEN
WRITE (*, *) 'The gage file is empty.’
CLOSE (UNIT = 7)
RETURN
END IF
DO 10001 =1, ITN
READ (7, 5000) AG (1), BG (I), CG (1, 1), CG (1, 2), CG (1, 3)
1000 CONTINUE
5000 FORMAT(AG6,A9,3E12.5)
CLOSE (UNIT = 7)
RETURN
END

Ct‘ti.*‘t'#“O*“*“‘ttti..*‘t‘t“‘*“#t*#itt#&&‘l’"‘*t“tttt“#‘tttt&*t

SUBROUTINE GAGEADD (ITN, AG, BG, CG)
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C***‘********#**********#*****#*********#****************t*****m********

CHARACTER AG (100)*6, BG (100)*9, XGAGE*6, YGAGE*6
DIMENSION CG (100, 3)
ITN=ITN + 1
IF (ITN .GT. 100) THEN
WRITE (*, *) 'No room left in the gage data file.’
WRITE (*, *) 'Return to menu and delete unwanted gages.’
PAUSE
RETURN
END IF
CALL CLEAR
1000 CONTINUE
WRITE (*, *) * Please enter the gage ID. ’
WRITE (*, *) ’ Enter all letters as capital letters.’
READ (*, 5000) XGAGE
5000 FORMAT(AG6)
1010 CONTINUE
YGAGE ="' ’
IF XGAGE .EQ.’ ") GO TO 1000

Crteseaakeie s e akale ok oo sl e e o i e o ok e ool ae sl s oo o e o e sbeab o o o o o ok e o ol o e e e o e s o e s e ol o ok ok ok

Ce#ibnexd Tegt is determine if xgage starts with a blank ¥¥#k sk bbbk bk
C*ttt‘ttt*##t#***********#**tt#**t*t#**#*##**#**#***************#******#
IF (XGAGE (1:1) .EQ. ’ *) THEN
DO 102011 =2,6
YGAGE (II - 1:II - 1) = XGAGE (I:I)
1020 CONTINUE
XGAGE = YGAGE
GO TO 1010
END IF
AG (ITN) = XGAGE
WRITE (*, *) 'Enter the date of gage calibration (mm/dd/yy). *
READ (*, 5010) BG (ITN)
5010 FORMAT(A9)
WRITE (*, *) 'Calibration constants must produce pressurc in MPa’
WRITE (*, *) 'The form of the data fit is: P(MPa) = A + Bx + CxA2'
WRITE (*, *) 'Enter the value for A: '
READ (*, *) CG (ITN, 1)
WRITE (*, *) 'Enter the value for B: '
READ (*, *) CG (ITN, 2)
WRITE (*, *) "Enter the value for C: °
READ (*, *) CG (ITN, 3)
C‘*‘t.t*t#&*tt**“*‘t‘t&#‘tt‘tttttt#ttt“t#“&tti*t#*t&tt‘tt#tt‘tttttttt
C Now a search is performed to determinc if the new cntry supercedes
C a earlier data set.
Ct‘t“““‘ttttttltitttt*“‘.ttttt&tttt‘ttttttttttt&t‘t‘t“*‘t‘#‘*‘#t*‘t
DO 10301=1,ITN -]
IF (XGAGE .EQ. AG (1)) THEN
WRITE (*, *) 'The gage added to the data basc was alrcady in’
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WRITE(*,*)’the data base. The earlier entry will be tagged’
WRITE (¥, *)’with a "*" as the last character of the 1.D. field.’
XGAGE (6:6) = '*
AG (I) = XGAGE
WRITE (*, *)
PAUSE
END IF
1030 CONTINUE
RETURN
END

Cevkeateseoe s st sl s skeabe ok ol oo ot s o e s e o e o o oo bl o bl ol ok o ol sl e o o oo oo sk o i s sl e sl b e o o o ol o o ok o ool e ok

SUBROUTINE DROPPER (ITN, AG, BG, CG)
C*lll****##i‘l****#t#***t**#************t***t*t***********#******&**t*t*****

CHARACTER AG (100)*6, BG (100)*9

DIMENSION CG (100, 3)

CALL CLEAR

WRITE (*, *) *Enter the number for the line in the gage data file’

WRITE (*, *) 'to be deleted. This is not the gage 1.D. ’

FPEAD (*, *) IDEI.

(ke e e o e o s e s e s o e o i e b ae e ol ale e s b b ol sl ol o o o b o sl ae oo s e o sl sk e o ae e ook o ko e e ok o e ol o kol ke e ke sk ok ok

CH**wwkrussens Shifiing the entries in the table, **#kskskskkiisunbbsns
Ok on ok i b ko oo ool ko o oo e ol sk e
DO 1000 I = IDEL + 1, ITN
AG(A-1)=AG ()
BG(-1)=BG ()
CGd-1,)=CGQ 1)
CG(1-1,2)=CG (1, 2)
CG(d-1,3)=CG(,3)
1000 CONTINUE
ITN=ITN - 1
RETURN
END

CHrtbbbbbbbbbbbbk bbbk kb kbbb kbbb bbbk bbb bbbhkbkkk bk bk kbbb ek kb

Cl*##‘#t*t*##*i‘t*‘*t SUBROUTINE BSC“ wkekkgkkk bk kbbb k b kk sk
C‘**tt*t#t*#‘*“#‘#t‘tt‘t#*‘tttt**t#tltttttt‘#tt‘t##‘tttt*t**tt*t*#‘#tt#

SUBROUTINE BSCII

DIMENSION VT (2050)

CHARACTER*20 NAME, NAME|, GAGE*6

CALL CLEAR

WRITE (*, 6000)

6000 FORMAT(//,10X,'Enter the file name for the pressure data,’,

1/,10X,'include drive and extension. °,

2/,10X,'It is expected that the data will be in one’,
3/,10X,’column, pressure. The pressurc must be in’,
4/,10X,'metric units of MPa. If the pressure is not’,
5/,10X,'in MPa, it must first be converted. A maximum',
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6/.10X., of 2048 prcssure points is allowed.’ J//)
READ (*, 5000) NAME

CALL CLEAR

WRITE (*, 6010)

6010 FORMAT(///,10X, Enter the file for the output file which will',
1/,10X,’contain the pressure-time data ready for BRLCB. °,
2/,10X,’Enter file name, all DOS path conventions apply,’,
3/,10X, but there can be no extension for the file.’,
4/.10X,’Note: This file name will be the name used for all’,
5/,10X, other files produced by the BRLCB analysis.’,
6/,10X,"This is the file name 10 use when asked in subsequent’,
7/,10X,’options for a file name.'.//)

READ (*, 5000) NAME1

5000 FORMAT(A20)

CALL CKNAME (NAME1)
CALL CLEAR

ekt e e e o abe o e o ae e e el b ale b o ol ae o o e ool e b o e o e o ale s s s sl e ok o ol o s o e s e o e o e ol ok ol o e e sk oo o ok o ok ke

Crsxudndy GAGE INFORMATION IS STILL REQUIRED FOR THE FILE **##*#¥kuokhnnx

Cieve sk apesieale ot ol o ook e ae i a e oo ol de e ool s o o a3 s s s e ale o b o ool o o o el e o ol s oo e ol ae b o e sk ool e o e ke ke e

GAGE = "None’

AX =00
BX =0.0
CX =00

VIN = 0.0

C********t***#*#**‘***t*t‘**t##*****#*#***##**#*****#******‘***#***#****
Chddkkbdbmbb b dokk ok OUI'PUT FILE IS CREATED a2 e o o o o e o o e o a b o o o e e o o o ol o ol ol ke ok
Crtsie skt ot o b e o o o ol o sl e ae o oo ol o sl o o o e ol oo s oo e o sl o e e sl e oo ol o o oo o o e e ek sl ook e ok o

Ct#*#***#**&****#*‘ Pmssure.ﬁme data is read A e o o e o e aje e e o o e o b o o e o o o o e ok
C*#“‘*tt‘*tﬁ*&*******#*t*i#**tt*t#ttt‘t#‘***t*******t#t*tit*t**t*lt*l#*

CALL CLEAR
NV=1
OPEN (UNIT = 7, FILE = NAME)
REWIND (7)
READ (7, *) VT (1)
T1 =00
PMAX = VT (1)
PMIN = PMAX
WRITE (*, 6020)
6020 FORMATY(///,10X, Enter the time step for the data in millisecs.")
WRITE (*, 6030)
6030 FORMAT(//}
READ (%, *) DTT
DTT = DTT/1000.
TMIN = 0.0
1000 CONTINUE
READ (7, *, END = 1010) VT (NV + 1)
NV=NV +1
IF (NV .GT. 2048) THEN

220




CALL CLEAR
WRITE(*,*)’ There are more than 2048 points in the input file.’
WRITE (*, *) ' Delete sufficient points and start over.’
PAUSE
RETURN

END IF

IF (VT (NV) .LT. PMIN) PMIN = VT (NV)

IF (VT (NV) .GT. PMAX) PMAX = VT (NV)

GO TO 1000

1010 CONTINUE
CLOSE (UNIT=17)
TMAX = (NV - D*DTT
Ct******lll**#*****t*#*****#**#ttt************t*llrlil********************t*tt

C****#*****#*#*‘*** OUTPUT FmE ls CREA'[‘ED e e ajc e e 2 e 2 aje o 2 3o 28 b 2l akk e aje afe aje 2fe 2fe afe e ok ke oje 2k
Ct*t***‘l***#***‘****&*****#**#**i*t****#*#**********#**‘********#***tiit
OPEN (UNIT = 7, FILE = NAME1)
REWIND (7)
WRITE (7, 6040) NV
WRITE (7, 6050) PMAX
WRITE (7, 6050) PMIN
WRITE (7, 6050) TMAX
WRITE (7, 6050) TMIN
6040 FORMAT( ',I5)
6050 FORMAT( 'F15.6)
8000 FORMAT(’ '2F15.6)
DO 10201 = 1, NV
T1=( - 1)*DTT
WRITE (7, 8000) T1, VT (I)
1020 CONTINUE
WRITE (7, 6060) GAGE
6060 FORMAT( *.A6)
WRITE (7, *) VIN
WRITE (7, *) CX
WRITE (7, *) BX
WRITE (7, *) AX
CLOSE (UNIT = 7)
RETURN
END

C““tt‘ti.tt.l#““tt‘t‘tt‘tit‘t“0&‘*.*“.‘.‘.“itttttttt‘&“‘.‘*tt‘tt

C“‘tt“t‘.t‘t..‘&“t.““ SUBROUTINE Cscu SURERB SR SRS EES ST RS ESESEE NG
C“..“‘l“t0‘.‘*.“.".‘.t““‘.“tt‘tt.“t“ttt“t“‘tt‘tt..t&t“t“‘t

SUBROUTINE CSCIl
DIMENSION VT (2050)
CHARACTER*20 NAME, NAME1, GAGE®*6, G*6
CALL CLEAR
WRITE (*, 6000)
6000 FORMAT(/,10X,'Enter the filc name for the vollage and’,
1/,10X,'time data, include drive and extension. °,
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2/,10X,'I1 is expected that the data will be in two’,
3/.10X,"columrs, time & voltage. A maximuim’,
4/,10X,’of 2048 time/pressure pairs is allowed.’///)
READ (*, 5000) NAME

CALL CLEAR

WRITE (*, 60iC)

6010 FORMAT(///,10X, Enter the file for the output file which will’,
1/,10X,’contain the pressure-time data ready for BRLCB. ',
2/,10X,’Enter file name, all DOS path conventions apply,’,
3/,10X, but there can be no extension for the file.’,
4/,10X,’Note: This file name will be the name used for all’,
5/,J0X,’other files produced by the BRLCB analysis.’,
6/,10X,'This is the file name to use when asked in subsequent’,
7/,10X,’options for a file name.'//)

READ (*, 5000) NAME1

5000 FORMAT(A20)

CALL CKNAME (NAMEI)

Cll******t#*‘*t#t****t###****#*t#***#****************************#**‘*#*t

C*****#*‘t**#tt GAGE XNFORMATION IS EN‘]‘ERED abe e afe o 2 2 e e e a3 3 3 e e e aje o a3 e ade e o e e o ke
C#t*‘***‘#‘#*&t*#tt***#*t#**#tt*#*ttt*tt****t***#*tt*#*tt#tttl**tt**t#*#
CALL CLEAR
VIN = 0.0
1000 CONTINUE
CALL CLEAR
WR“'E (t' t) v
1010 CONTINUE
WRITE (*, *) 'Gage information is required.’
WRITE (*, *) 'l. Input gage ID & use Gage File.’
WRITE (*, *) '2. Review Gage File.’
WRITE (*, *) '3. Enter gage information interactively.'
WRITE (*, *) 'Please Enter Your Choice (1-3):'
READ (*, *) ICHOICE
IF (ICHCICE .GT. 3) THEN
WRITE (*, *) 'Your choiccisnota 1,2 or 3.’
GO TO 1000
END IF
IF AICHOICE .EQ. 2) THEN
CALL CLEAR
WRITE (*, 6020)
6020 FORMAT(////,10X, First the gage information file will be’,
1/,10X,"provided to allow the proper gage ID to be deicrmined’,
2/,10X,'the gage 1D will be used to select the required’,
3/,10X.'information.’ J/)
PAUSE
CALL MKGAGE

END IF

IF (ICHOICE .EQ. 1) .OR. (ICHOICE .EQ. 2)) THEN
CALL CLEAR
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WRITE (*, *) 'Please enter the gage 1.D. as in the gage file.’
WRITE (*, *) 'All capital letters.’
READ (*, 5010) GAGE
5010 FORMAT(AG6)
OPEN (UNIT = 3, FILE = "GAGEFILE’, STATUS = 'OLD’)
READ (3, *) ITN
DO 1020I=1,ITN
READ (3, 5020) G, H, CX, BX, AX
5020 FORMAT(AG6,A9,3E12.5)
IF (GAGE .EQ. G) THEN
GO TO 1030
END IF
1020 CONTINUE
CLOSE (UNIT = 3)
WRITE (*, *) 'The gage is not in the gage file, enter’
WRITE (*, *) "the information interactively or add to the’
WRITE (*, *) 'the gage information to the gage file.'
PAUSE
CALL CLEAR
GO TO 1010
1030 CONTINUE
CLOSE (UNIT = 3)
END IF
IF ICHOICE .EQ. 3) THEN
CALL CLEAR
WRITE (*, *) 'Enter the gage I.D.’
WRITE (*, *) "All capital letters.’
READ (*, 5010) GAGE
WRITE (*, *) 'Enter the cocfficients of the second order fit'
WRITE (*, *) ‘for the conversion from voltage to MPa. Stant’
WRITE (%, *) 'with the coefficient of the second power. '
WRITE (¢, *)
WRITE (*, *) "Enter the coefficient of the sccond power. *
READ (*, *) AX
WRITE (*, *) 'Enter the coefficient of the lincar tem. *
READ (*, *) BX
WRITE (*, *) 'Enter the constant term. *
READ (¢, *) CX
END IF
C‘O‘t't‘“#ttttt.t.t‘.tt.“ttt.tt.t..‘tt.ttt‘itt.ttt‘tttt“.‘t‘t.“tt‘l.
Ct“t‘t..t.“tt‘t“t.tt‘t‘ DATA mNVERS|ON RO ES PSR SSE LR LB IBOONER S S S
ct“t‘tttt..i“t‘t‘t‘ttttt‘t“ttllt..t."t.tt.t..t‘.‘tt.t'.'tlt‘tt“t‘tt

: CALL CLEAR

C.‘“‘t'."i.“““t‘t‘.‘.‘.“t..'t“.‘...“‘.‘t.t‘..“..“‘t......‘.‘.t

Ceesssssssssses YVOLTAGE DATA IS READ AND CONVERTED TO MPa s¢ssssssssssss

C‘.‘..#‘t.ti“t““t‘tt.‘.‘.‘.ttt‘..‘.‘t..‘."“‘tttit..“ttt.t‘.‘.“t‘t

CALL CLEAR
WRITE (*, 6030)
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6030 FORMAT(///, 10X, Enter the time step for the data in millisecs.”)

WRITE (*, 6040)

6040 FORMAT(//)

READ (*, *) DTT

DTT = DTT/1000.

CALL CLEAR

WRITE (*, 6050)

6050 FORMAT//III, DATA CONVERSION IN PROGRESS’)

TMIN = 0.0

OPEN (UNIT = 7, FILE = NAME)

REWIND (7)

NV =1

READ (7, ) T1, VT (1)

TEMP = VT (1)

VT (1) = AX*TEMP*TEMP + BX*TEMP + CX

PMAX = VT (1)

PMIN = PMAX

1040 CONTINUE

READ (7, *, END = 1050) T1, VT (NV + 1)

NV=NV +1

IF (NV .GT. 2048) THEN

CALL CLEAR

WRITE (*, *) 'There are more than 2048 points in the file.’
WRITE (*, *) 'Delete points and start over.’

PAUSE

RETURN

END IF

TEMP = VT (NV)

VT (NV) = AX*TEMP*TEMP + BX*TEMP + CX

IF (VT (NV) .LT. PMIN) PMIN = VT (NV)

IF (VT (NV) .GT. PMAX) PMAX = VT (NV)

GO TO 1040

1050 CONTINUE

CLOSE (7)

TMAX = (NV - 1)*DTT
C‘.‘t“.tt‘t‘t‘tt‘t“itttt't‘titit.‘tttt‘ttttttttttt..‘ttt“ttttt‘tttttt
Ct....t‘.‘t.‘tt‘t“‘tt WRmNG OU’[‘P‘JT F‘LE (2 I I 22T T I I I3 T 11220 218 ]
C....t..‘.““‘.t‘tt.t...t..‘tl..".tt"‘tttltt&tttttttt...‘.&.‘tt.‘tl..

OPEN (UNIT = 7, FILE = NAME!)
REWIND (7)
WRITE (7, 6060) NV
WRITE (7, 6070) PMAX
WRITE (7, 6070) PMIN
WRITE (7, 6070) TMAX
WRITE (7, 6070) TMIN
6060 FORMAT(' ',IS)
6070 FORMAT(' 'F15.6)
8000 FORMAT(" '2F15.6)




DO 10601 =1, NV
Ti=(- 1)*DTT
WRITE (7, 8000) T1, VT (1)

1060 CONTINUE
WRITE (7, 6080) GAGE
6080 FORMAT( ',A6)

WRITE (7, *) VIN

WRITE (7, *) CX

WRITE (7, *) BX

WRITE (7, *) AX

CLOSE (7)

RETURN

END

ek akeakoksfese e st s b o e ok ook e e s s sl sb o b bl o oo e ol o o obe o oo e s b o o e of ok ool e ol o o e s e ol o o ok ok ok ok ok

Crerdokskiedokiokdok ok kb ko k SUBROUTINE DSC" a2k e ok o sk o M e 3 e e s e 2 e afe s e ok ofe o e ofe e e ok o
C**‘**t‘#t#t‘t***&**#**##*#tt*#*t******#*****#**#****t*#***t*t**i**#****

SUBROUTINE DSCII

DIMENSION VT (2050)

CHARACTER*20 NAME, NAME1, GAGE*6, G*6
CALL CLEAR

WRITE (*, 6000)

6000 FORMAT(//,10X, Enter the file name for the voltage data’,
1/,10X,’include drive and extension. °,
2/,10X,'Tt is expected that the data will be in one’,
3/,10X,’column, voltage. A maximum’,
4/,10X,’of 2048 voltage points is allowed.’J//))

READ (*, 5000) NAME
CALL CLEAR
WRITE (*, 6010)

6010 FORMAT(///,10X,’Enter the file for the output file which will’,
1/,10X,"contain the pressure-time data rcady for BRLCB. °,
2/,10X,’Enter file name, all DOS path conventions apply,’,
3/,10X,’but there can be no extension for the file.’,
4/,10X,'Note: This file name will be the name used for all’,
5/,10X,’other files produced by the BRLCB analysis.’,
6/,.10X,'This is the file name to use when asked in subsequent’,
7/.10X,’options for a file name.’,//)

READ (*, 5000) NAMEI

5000 FORMAT(A20)

CALL CKNAME (NAME1)

C‘*##**#*##‘**###‘t##‘#t#**#*#*#***#*****#**&*t*******#*****************

C**t#“‘#*t“## GAGE lNFORMATlON lS ENTERED e e afe 2 3 3 3 e 2 e ke e e o o e ok o e e ol o ake ol e o ok dk

. CHmm b bl ok M A R ok s o o s o A b
CALL CLEAR
VIN = 0.0
J CONTINUE
CALL CLEAR
WRITE (*, *) "’
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1010 CONTINUE
WRITE (¥, *) "Gage information is required.’
WRITE (*, *) '1. Input gage ID & use Gage File.’
WRITE (*, *) *2. Review Gage File.’
WRITE (*, *) '3. Enter gage information interactively.
WRITE (*, *) 'Please Enter Your Choice (1-3):’
READ (*, *) ICHOICE
IF (ICHOICE .GT. 3) THEN
WRITE (*, *) 'Your choice isnota 1, 2 or 3.”
GO TO 1000
END IF
IF (ICHOICE .EQ. 2) THEN
CALL CLEAR
WRITE (*, 6020)

6020 FORMAT(///,10X, First the gage information file will be’,
1/,10X,’provided to allow the proper gage ID to be determined’,
2/,10X,’the gage ID will be used to select the required’,
3/,10X, ’information.’,//)

PAUSE
CALL MKGAGE
END IF
IF (ICHOICE .EQ. 1) .OR. (ICHOICE .EQ. 2)) THEN
CALIL CLEAR
WRITE (*, *) 'Please enter the gage 1.D. as in the gage file.’
WRITE (*, *) 'All capital letters.’
READ (*, 5010) GAGE
5010 FORMAT(A6)
OPEN (UNIT = 3, FILE = '"GAGEFILE’, STATUS = 'OLD’)
READ (3, *) ITN
DO 10201=1,ITN
READ (3, 5020) G, H, CX, BX, AX
5020 FORMAT(A6,A9,3E12.5)
IF (GAGE .EQ. G) THEN
GO TO 1030
END IF
1020 CONTINUE
CLOSE (UNIT = 3)
WRITE (*, *) 'The gage is not in the gage file, enter’
WRITE (*, *) 'the information interactively or add to the’
WRITE (*, *) 'the gage information to the gage file.’
PAUSE
CALL CLEAR
GO TO 1010
1030 CONTINUE
CLOSE (UNIT = 3)
END IF
IF (iCHOICE .EQ. 3) THEN
CALL CLEAR
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WRITE (*, *) 'Enter the gage 1.D.’
WRITE (*, *) 'All capital letters.’
READ (*, 5010) GAGE
WRITE (*, *) 'Enter the coefficients of the second order fit’
WRITE (*, *) 'for the conversion from voltage to MPa. Start’
WRITE (*, *) 'with the coefficient of the second power. ’
WRITE (*, *)
WRITE (*, *) 'Enter the coefficient of the second power. ’
READ (*, *) AX
WRITE (*, *) 'Enter the coefficient of the linear term. °
READ (*, *) BX
WRITE (*, *) 'Enter the constant term. ’
READ (*, *) CX

END IF

C******#**********t*********#****#*#*#**********************************
C***‘#*********##******#*‘ DATA CONVERSlON e e ale afe 2 2 afe 2 3 e e 2 2 3 e 2 2 afe sk e o e e o ek ol e ok
C**t*t*t******#************t#***********#****************************t**

CALL CLEAR

C##*****#t****#**tt****‘**t#****#*****IllIlull***********t*******************

Crastikksndimbnsx VOLTAGE DATA IS READ AND CONVERTED TO MPa **¥##kkakkkokkoksks
C***t##tt******#**t******#***#t*t********ﬂ-**************#************#**
CALL CLEAR
WRITE (*, 6030)
6030 FORMAT(///,10X, Enter the time step for the data in millisecs.")
WRITE (*, 6040)
6040 FORMAT(/)
READ (*, *) DTT
DTT = DTT/1000.
CALL CLEAR
WRITE (*, 6050)
6050 FORMAT{/IIIN DATA CONVERSION IN PROGRESS’)
TMIN = 0.0
NV =1
OPEN (UNIT = 7, FILE = NAME)
REWIND (7)
READ (7, *) VT (1)
TEMP = VT (1)
VT (1) = AX*TEMP*TEMP + BX*TEMP + CX
PMAX = VT (1)
PMIN = PMAX
1040 CONTINUE
READ (7, *, END = 1050) VT (NV + 1)
NV =NV +1
IF (NV .GT. 2048) THEN
CALL CLEAR
WRITE(*,*)’ There are more than 2048 points in the input file.’
WRITE (*, *) ' Delete sufficient points and start over.'
PAUSE
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RETURN

END IF

TEMP = VT (NV)

VT (NV) = AX*TEMP*TEMP + BX*TEMP + CX

IF (VT (NV) .LT. PMIN) PMIN = VT (NV)

IF (VT (NV) .GT. PMAX) PMAX = VT (NV)

GO TO 1040

1050 CONTINUE

CLOSE (UNIT =17)

TMAX = (NV - 1)*DTT
(O koot kool i ol oo ol ol o ko s o ol o okl ok ok s ok ok s s kol e o e ok
Cdkokkkkk kb kkkokkkkokd WRITING OUTPUT FILE **** sk oo ook ook ko
Coeskaaiokok ok koo ok ook ok kol i ol koo o o koo ol ok bk oo ok ool ook Nk ok

OPEN (UNIT = 7, FILE = NAMEI)
REWIND (7)
WRITE (7, 6060) NV
WRITE (7, 6070) PMAX
WRITE (7, 6070) PMIN
WRITE (7, 6070) TMAX
WRITE (7, 6070) TMIN
6060 FORMAT( '.IS)
6070 FORMAT(' 'F15.6)
8000 FORMAT(' ’2F15.6)
DO 10601 =1, NV
Tl = (1 - 1)*DTT
WRITE (7, 8000) T1, VT (I)
1060 CONTINUE
WRITE (7, 6080) GAGE
6080 FORMAT(’ ',A6)
WRITE (7, *) VIN
WRITE (7, *) CX
WRITE (7, *) BX
WRITE (7, *) AX
CLOSE (7)
RETURN
END

C#*t*t*‘*‘#tt*tt*tll***t****************##***#*#*#**#***#*t************#
C*‘#‘#*#t*‘tt*#t##t### SUBROUTINE CKNAME e e a o e ae ol e o ol a e a3 oo e e ke o e o e abe o o ol o e e ok
C*‘*#t#t**‘**‘t**t*‘l**#********&**********#******t##**t#**##**********#

SUBROUTINE CKNAME (NAME1)
CHARACTER*20 NAMEI1, A*1
1000 CONTINUE
DO 10101 =1, 20
IF (I .GT. 15) THEN
WRITE (*, *)'File name 100 long. Please enter a new name which’
WRITE (*, *)'is less than six characters in length, not counting’
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WRITE (*, *) ’paths.’
READ (*, 5000) NAME1
GO TO 1000
END IF
A = NAME1 (1D
IF (A .EQ.'.") THEN
CALL CLEAR
WRITE (*, *) 'The file name entered has an extension which is’
WRITE (*, *) 'not allowed. Please enter a new name without ’
WRITE (*, *) 'an extension.’
READ (*, 5000) NAMEI1
5000 FORMAT(A20)
GO TO 1000
END IF
IF (A .EQ. ' ") THEN
NAME! (I'I + 3) = ' PVT’
GO TO 1020
END IF
1010 CONTINUE
1020 CONTINUE
RETURN
END
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INTENTIONALLY LEFT BLANK.
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APPENDIX I:

LISTING - PROGRAM MKINF.FOR
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INTENTIONALLY LEFT BLANK.
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PROGRAM MKINF

CHARACTER*20 NAME]I, FPVT, A*1, NAME2, FILEO, FILEI, Al (20)*20, A2 (6)*80
CHARACTER*20 GAGE

DIMENSION A3 (100), P (11, 15, 5)

C************************t*#****************#**#**************#********

C Version: 3.0, January 1992

C Last Modified: 12/28/91 -- added counter to burn rate
C file

C 2/9/92 -- Cleanup

C

C Written by: William Oberle, U.S. Amy Research Laboratory

C

C Purpose: The purpose of this program is to obtain the necessary
C additional information required to analyze a closed

C chamber firing.

C*********#********#**#*******************t***t**********#*********t**t
C******************* FILE NAMES ARE OBTAINED ANTD e akakakeokakok ko sk se s ok sk s 3 s 3k ok ok
C************#********* MAS’]"ER FILE IS READ e 2 e 3 2 3k 2 e 3 ahe 2 af e e o o afe ofe a3 ok de ale ke e ok ake
C***&*************#************************lll***************************

1000 CONTINUE
CALL CLEAR
WRITE (*, 6000)

6000 FORMAT(20X," Firing Information’J//,
110X, 'Information pertaining to an individual firing is entered’
2,/,10X,'using this option. The file is built from a Master’
3,/,10X,’File created using Option 1. Enter the name of the’
4,/,10X,"Master File which will be used in creating the current’
5,/,10X, Information Filc, include drive and extension.'.//)
READ (*, 5000) NAME!

5000 FORMAT(A20)
OPEN (UNIT = 9, FILE = NAMEI, STATUS = 'OLD’, ERR = 1010)
REWIND (UNIT = 9)

C*****ll****#***********‘*##t**#*****#####*********t*t#i#*********#**tt**

Cairkknik READING OLD MASTER FILE TO BUILD FROM **® ko sk ook
(b o o oo o o o e A K R R R o o
DO 10201=1,6
READ (9, 5010) A2 (I)
1020 CONTINUE
5010 FORMAT(A80)
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DO 10301=1,20
READ (9, 5000) A1 (I)
1030 CONTINUE
DO 10401 =1, 100
READ (9, *) A3 (1)
1040 CONTINUE
DO 10501=1, 11
DO 1060J =1, 15
DO 1070 K=1,5
READ 9, %) P (1, J, K)
1070 CONTINUE
1060 CONTINUE
1050 CONTINUE
CLOSE (UNIT = 9)
GO TO 1080
1010 CONTINUE
WRITE (*, 6010) NAME1
6010 FORMAT(/,10X,'The Master File: ',A20/,
110X, does not exist, check the file name and try again.’)
PAUSE
GO TO 1000

C*#*******&***#**********************#******************************#***

C*#********#*t**t* TYPE OF COMPUTAT[ON IS DETERMINELD etk ket sk s s sk sk s s o sk de ok i

C**i****##t#*t*##**#!llt**t****#****i*&*llll*#***************************#t#

1080 CONTINUE
CALlL CLEAR
WRITE (*, 6020)
6020 FORMAT(///,10X,’Enter the type of computation which is to be’,
1/,10X,’performed.’ /,15X,’1. Burn Rate Reduction’/,15X,
2'2. Inverse Analysis (Generate P/T)'/,15X,
3'3. Surface Arca Analysis’/,15X,’4. Interrupted Bumer’/,15X,
4'S. ETC Reduction')
READ (¥, *) ITYPE
A3 (2) = ITYPE

C*#*t#*t***#*###*****#******lll*****#*i**t******#***#********#*********‘##

C*#*****#**#*t*t** ALL OTHER FILE NAMES ARE CREATED e 2 o 2 e o 2 e a3 o o e e abe ok e ake ok

C***v*#****#*#******#*t#*****&***************t***************t********&*

IF (ITYPE .NE. 2) THEN
1090 CONTINUE
CALL CLEAR
WRITE (*, 6030)
6030 FORMAT(20X," Firing Information’///,
110X, ’Enter the name of the Pressure/time File created in’
2,/,10X,'Option 3 which is associated with the Information File’
3./,10X,'being created. This file must be created before’,
4/,10X,’the Information File is created. If the Pressureftime’
5./,10X, File does not exist, exit the program and complete’
6./,10X,’'Option 3. Remember the fiic name is given without ’
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74/,10X,’extension but all DOS path options are applicable.’//)
READ (*, 5000) FPVT
Al (5) = FPVT
CALL MKNAME (A1)
OPEN (UNIT = 7, FILE = Al (5), STATUS = 'OLD’, ERR = 1100)
REWIND (UNIT = 7)
READ (7, *) NV
READ (7, 5020) PMAX
A3 (43) = PMAX
READ (7, 5020) PMIN
READ (7, 5020) TMAX
READ (7, 5020) TMIN
5020 FORMAT(F15.6)
8000 FORMAT(2F15.6)
DO 1110I=1, NV
READ (7, 8000) T1, P1
1110 CONTINUE
READ (7, 5030) GAGE
5030 FORMAT(A20)
Al (15) = GAGE
READ (7, *) VIN
A3 (19) = VIN
READ (7, *) CX
A3 (20)=CX
READ (7, *) BX
A3 (21) = BX
READ (7, *) AX
A3 (22) = AX
CLOSE (UNIT = 7)
CALL CLEAR
DELTAT = (TMAX - TMIN)/(NV - 1.)*1000.
CALL CLEAR
WRITE (*, 6040) DELTAT
6040 FORMAT(////,10X,'The time step in recording the pressure data’
1/,10X,'is currently: ',F9.6," ms. If this is not correct enter’
2/,10X,'a new value for the time step in milliseconds.'J/,
315X,'1. Accept current value.'/,15X,'2. Enter new value.'/,
415X,’Entera 1 or 2."J)
READ (*, %) IIC
IF (1IC .EQ. 2) THEN
WRITE (*, 6050)
6050 FORMAT(20X, Enter a new time step in milliscconds.")
READ (*, *) A3 (42)
ELSE
A3 (42) = DELTAT
END IF
GO TO 1120
1100 CONTINUE
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WRITE (*, 6060) A1 (5)
6060 FORMAT(//,10X,"The Pressure/time File: *,A20//,
110X, ’does not exist, check the file name and try again.’)
PAUSE
GO TO 1090
1120 CONTINUE
END IF

C******************#‘***tt*****lhk*********i******************#*********#

C**t***************##* OPI‘ION 2 IS HANDLED %% %k sk sk ok s ok s o sk ok ek ok sk ok
(Cte ok ok abe ok s e e e e ol b ol b e e ol e o ol o ol o ok o oo ok o b o e e o o oo ol o ol ale s ae ol o ol ae ol ol ko b ol ko ok ok e ke ko ok ok ak ok

IF (ITYPE .EQ. 2) THEN
CALL CLEAR
WRITE (*, 6070)

6070 FORMAT(//,10X, Enter the file name for the file which is to’,
1/,10X, contain the information for the pressure-time’,
2/,10X,’generation. The file is to have no extension, but all’,
3/,10X,’DOS path conventions are applicable.’.//)

READ (*, 5040) FPVT

5040 FORMAT(A20)

Al (§) = FPVT

CALL MKNAME (A1)
CALL CLEAR
WRITE (*, 6080)

6080 FORMAT(///,10X,'In order to generatc a pressure time file’,
1/,10X, 'the time step in milliseconds must be entcred. Enter’,
2/,10X,’the time step.’)

READ (*, *) A3 (42)
END IF

C*‘ll'lll***‘t**t**t#*‘#llt‘lt‘ll“t**##t***#t#t#****#&***#***#****t****‘l*#*t

Cresnnsnnsnkbsssss INFORMATION FILE IS OPENED *%%% % %4 ¥k d s b e bk e e
el T T T T T T T
OPEN (UNIT = 13, FILE = Al (4))
REWIND (UNIT = 13)

Corrtt st bbb bbb bbb bbb e b bk k bR ke SR bbb kb ke kb kbbb kb sk ok ok

C*tt*tttt#tttt* SPEC]AL [NFORMAT[ON FOR THE ETC FIRING (12t 12 22228 231
Ct‘ttttttttt*tt#tttillll*.l&tllll‘t*ttttttttttt*t&tttttt‘tttt**&#tttt&t&&ttt
IF (ITYPE .EQ. 5) THEN
CALL CLEAR
WRITE (*, 6090)
609¢ FORMAT(/,10X,'For the ETC rcduction a file of cumulative’,
1/,10X, 'electrical energy versus time is required. The time’,
2/,10X,'must match the timic in the pressure-time file, the',
3/,10X,"units are scconds. The electrical encrgy is in units’,
4/,10X,’of megajoules. Enter the file name.')
READ (*, 5050) Al (19)
5050 FORMAT(A20)
CALL CLEAR
WRITE (*, 6100)




6100 FORMATY(//.10X, Enter the total clectrical energy input in MJ°)
READ (*, *) A3 (30)
END IF

C‘.‘.l..‘.O..‘.O“‘t...t‘l“ﬁ‘l.‘.‘t‘t‘..liltt‘#.‘#““*t.t.‘-t“‘t““

CO.‘.'..‘..‘O“ FILE INFORMATlON ls PROV]DED TO USER SRk kb kk
C..O..Q‘&“..“.‘t.‘..0.0....."‘t"""l&l‘.‘lit#ttttt“tttltl.t“*##t“
CALL CLEAR
WRITE (*, 6110)
6110 FORMAT(/.5X,"The following file names will be used:’)
WRITE (*, 6120) Al (3), Al (4)
6120 FORMAT(5X,"Master File . "\A20,” Created in Option 1°,
1/.5X." Information File : *,A20," Crcated Now in Option 4')
IF (ITYPE .NE. 2) THEN
WRITE (*, 6130) Al (5), Al (14)
6130 FORMAT(SX,'Pressure/Time File: *,A20," Created in Option 3°,
1/.5X.'Smoothed Data File: ',A20," Created in Option 5°)
END IF
WRITE (*, 6140) Al (10), Al (17)
6140 FORMAT(5X.'Output File : ".A20," Created in Option 6°,
1/.5X.'Graphics File : ',A20,' Created in Option 6')
IF ((ITYPE .EQ. 1) .OR. (ITYPE .EQ. 4) .OR. (ITYPE .EQ. 5)) THEN
WRITE (*, 6150) Al (18)
6150 FORMAT(5X,'Bum Rate File :',A20," Created in Option 6°)
END IF
IF (ITYPE .EQ. §) THEN
WRITE (*, 6160) Al (19)
6160 FORMAT(5X, Electrical Encrgy : *,A20," Used in Option 6°)
END IF
PAUSE

C..‘.‘.‘.“...!.‘t.."‘t“““*‘..‘tt“““.“‘&‘t.t#“‘#&tt‘tt“*“.“

C."““‘.‘Ot.t BOMB' PROP & IGN[TER INFO ls OBTAINED Shhbhb bk Rhk ik
C..t.‘..‘O‘...“‘.t.tttt.‘."000.00‘i#.‘“"tt"t“.“t‘#‘l‘t&““#t#.t

CALL CLEAR

WRITE (*, *) ' Bomb Information’

WR"rE (.‘ t)

WRITE (*, *) 'Enter the bomb volume (cc): *

READ (*. *) A3 (2))

WRITE (*. *)

WRITE (*, *) 'Enter the initial temperature of”

WRITE (*, *) ‘'thc bomb in degrees Kelvin.'

WRITE (*, *) 'Several common tcmperatures arc:’

WRITE (*, *)° -25 F= 241 K’

WRITE (*. *) ' -20F =244 K’

WRITE (*, *)°’ T0F =294 K’

WRITE (. *) ' 120F = 322 K’

WRITE (*, *)

WRITE (*, *) 'Plcasc Enter Your Choice: *

READ (°, *) A3 (24)
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IF (ITYPE .EQ. 4) THEN

Al (16) = 'Interrupted Burner’
ELSE

A1 (16) = 'Closed Chamber’
END IF

Coaetase ok akbkokte deobede o siabe e o dol el o s ok ol s o e s st o ool s e st ot o ot ol oo s ol o sl e ol ool sl ke sk e ol e ok

Coavrrnssnssrvsrns PROPELLANT AND IGNITER INFORMATION IS ENTERED *##**%**
C#ttt**‘*t*t*###t#t#####t*#tt*t*tt******t#*****t#t**#*****#**#**#*******
CALL CLEAR
WRITE (*, *)
WRITE (*, *) ' Propellant and Igniter Information’
WRITE (*, *)
WRITE (*, *) 'Enter the mass of the propellant in grams: ’
READ (*, *) A3 (25)
A3 (46) = A3 (25)/A3 (3)
CALL CLEAR
WRn'E (t' #)
WRITE (*, *) 'Enter the mass of the igniter in grams: '
READ (*, *) A3 (26)
CALL CLEAR
WRITE (*, *)
WRITE (*, *) 'Enter the initial temperature of”
WRITE (*, *) 'the propellant in degrees Kelvin.’
WRITE (*, *) 'Several cornmon temperatures are:’
WRITE (*,*)’ -25F=241K’
WRITE (*, *)°’ 20F=244 K’
WRITE (*, *)° T0F=2%4 K’
WRITE (%, *)° 120F = 322 K’
WRn'E (t' t)
WRITE (*, *) 'Please Enter Your Choice: *
READ (*, *) A3 (27)
WRITE (a' *)
WRITE (*, *) 'Enter the initiai temperature of’
WRITE (*, *) 'the igniter in degrees Kelvin, °
WRITE (*, *)
WRITE (*, *) 'Pleasc Enter Your Choice: °
READ (*, *) A3 (28)
Cllttt.‘t‘tt“t‘tttttttt““t“**t‘t#t#tt#tttm&tttt‘t#**tl“*tttt#tlttttt
Cttttl*ttt‘tt#t#tt SPECIAL lN’FORMATlON FOR THE ol e oo e e oo e o ol o ok ok o
Ct.t‘ttt‘t‘tt#t“tt‘t REDUC“]ONS ls OBTA[NED ek bk h bk kb
Cttltlttttttttttttttttt*tt*t‘t‘ttttllitlltttt#tttt‘#*t‘*t‘t#t**t&‘tt‘tt&tt
IF (ATYPE .EQ. 2) .OR. (ITYPE .EQ. 3)) THEN
CALL CLEAR
WRITE (*, *) 'Enter the method by which the bum rate’
WRITE (*, *) 'information will bec entered.’
WRITE (*, *) '’
WRITE (*, *) ' 1. bPAn bum ratc law, onc law for each layer.’
WRITE (*. *) ° 2. Table of pressure versus raic.’
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WRITE (*, *) '’
1130 CONTINUE
WRITE (*, *) 'Enter your choice by number (1-2).’
WRITE (*, *) '
READ (*, *) ICHOICE
IF (ICHOICE .GT. 2) THEN
WRITE (*, *) "Your choice is not a 1 or a 2. Please select again.
GO TO 1130
END IF
IF (ICHOICE .EQ. 1) THEN
CALL CLEAR
N = INT (A3 (4) + .5)
WRITE (*, 6170) N
6170 FORMAT(//,10X, The grain has *,I2,' layers. One bum rate per’
1,/,10X, 1ayer is required."//)
A3 (5)=- I*N
NEND = 48 + 2*N
INUM =1
DO 1140 J = 50, NEND, 2
WRITE (*, 6180) JNUM
6180 FORMAT( ',’Enter the coefficient of the bum rate law; layer; °, 12)
WRITE (*' *) A
READ (*, *) A3 (J)
WRITE (*, 6190) JNUM
6190 FORMAT(' ’,’Enter the exponent of the bum rate law layer: ’,12)
WRITE (*, *) '’
READ (*,*) A3 (J +1)
JNUM = JNUM + 1
1140 CONTINUE
END IF
IF (ICHOICE .EQ. 2) THEN
CALL CLEAR
WRITE (*, *) "How many points will be used °
WRITE (*, *) 'to describe the buming rate?’
WRITE (*, *) "Maximum of 20 points.’
WRITE (*, %) *°’
READ (*, *) NP
A3 (5) = NP
DO 11501 =1, NP
WRITE (*, 6200) I
6200 FORMAT(SX,'Enter the pressure and rate for point ',12,",",
1/,5X,’both on the same line.")
=49 +1
KK=79 +1
READ (*, *) A3 (JJ), A3 (KK)
1150 CONTINUE
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END IF
END IF

(Coteoteate oot e e o s ol e o sl e s ol e o ool o e s ol o i ool o e o o o o o o ol o s o o e o o oo ol ool o s oo o ook ol ok ok ok o ol o ok ok

C***t**tt#*tttt PREDEFINED BUR_’N RATE RANGES ARE DEFINED a2k e o e e s e e o o e ek e
Ctttttt**ttlltll*lllll*lt#t**###‘*****‘*t********t*#******#*t#**#t#*tt*t##***
IF (ITYPE .EQ. 1) .OR. (ITYPE .EQ. 4) .OR. (ITYPE .EQ. 5)) THEN
CALL CLEAR
WRITE (*, 6210) PMAX
6210 FORMAT(//,10X,’One output of the bum rate analysis is a series’,
1/,10X,’of bP*n burm rate laws. The program has the option to’,
2/,10X,’determine the bumn rate laws for any given pressure range’,
3/,10X,'up to the maximum pressure for the firing: ', F8.0)
OPEN (UNIT = 7, FILE = Al (18))
WRITE (*, 6220)
6220 FORMAT(/,10X, Three preset ranges can be used:’
1./,30X,’S - 10%'/,30X,'10 - 25%"/,30X,2S - 75%",
2//,10X,’1. Use predetermined ranges’,
3/,10X,’2. Enter new ranges.'.//,10X,’Enter your choice.”)
READ (*, *) IIC
DUMMY = 0.0
IF (1IC .EQ. 1) THEN
N=3
WRITE (7, *) N
WRITE (7, *) .05*PMAX
WRITE (7, *) .1*PMAX
WRITE (7, *) DUMMY
WRITE (7, *) DUMMY
WRITE (7, *) DUMMY
WRITE (7, *) .1*PMAX
WRITE (7, *) .25*PMAX
WRITE (7, *) DUMMY
WRITE (7, *) DUMMY
WRITE (7, *) DUMMY
WRITE (7, *) .25*PMAX
WRITE (7, *) .75*PMAX
WRITE (7, *) DUMMY
WRITE (7, *) DUMMY
WRITE (7, *) DUMMY
ELSE
CALL CLEAR
WRITE (*, *) 'Enter the number of ranges’
READ (*, ) N
WRITE (7, *) N
DO 116011 =1, N
WRITE (*, *) 'Enter pressures in MPa for range: °, 11l
READ(*\, ") X, Y
WRITE (7, *) X
WRITE (7,%) Y
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WRITE (7, *) DUMMY
WRITE (7, *) DUMMY
WRITE (7, *) DUMMY
1160 CONTINUE
END IF
CLOSE (UNIT = 7)
END IF

C*********####**‘t********###**##ﬁ********ll#********************t******

CHakunrkbsrics [INFORMATION FILE IS WRITTEN s ook kb ok ok oob b o
oo e o ok o R ko
1170 CONTINUE
DO 1180I=1,6
WRITE (13, 6230) A2 (I)
6230 FORMAT(A80)
1180 CONTINUE
DO11901=1,20
WRITE (13, 6240) A1 (I)
6240 FORMAT(A20)
1190 CONTINUE
DO 12001 =1, 100
WRITE (13, *) A3 (I)
1200 CONTINUE
DO 12101=1, 11
DO 1220J =1, 15
DO 1230 K =1,5
WRITE (13, ) P (1, J, K)
1230 CONTINUE
1220 CONTINUE
1210 CONTINUE
CLOSE (UNIT = 13)
END

C*********t***#tt*************t*#**&**#****************t****************
C***************tt*** SUBROUTINE CLEAR #sdskakokokoksook ok o s kool e ok ook ook de ok kokeoskok
C*#***#*******#*******&**i***********##**##***#************##***********

SUBROUTINE CLEAR

CHARACTER ST*4

DATA ST/ [2T°/

WRITE (*, 6000) ST
6000 FORMAT (1X,A4)

RETURN

END

C##“‘*‘itll#*i***lll‘llll'll*‘t*###tt#****#****t##*#***##*t*#******####**tt*‘#
Cheeinbbkbkkkkbbkhk kb kg SIJBROUTINE MEKNAME *%#%#kkkkkbbkbkdkpiokdkkiehmdmbkkkkk
Crdkbkkkdkag kbbbt deoe bt bbbk oo bk o o e o et ok oo sk ol sl ol o ol i ok i e ol ool okl ok o ok ok ok

SUBROUTINE MKNAME (Al)
CHARACTER*20 A1 (20), A*1, NAMEI
NAMEI = Al (5)

1000 CONTINUE
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DO 10101 =1, 17
A = NAME1 (1)
IF (A .EQ.'.") THEN
CALL CLEAR
WRITE (*, *) 'The file name entered has an extension which is
WRITE (*, *) 'not allowed. Please enter a new name without ’
WRITE (*, *) 'an extension.’
READ (*, 5000) NAME1
5000 FORMAT(A20)
GO TO 1000
END IF
IF (A .EQ. ' ') THEN
NAMEI1 (Il + 3) = 'pvt’
Al (5) = NAMEI
NAME]1 (I'I + 3) = ’.inf
Al (4) = NAMEI
NAMEI1 (Il + 3) = "pdt’
Al (14) = NAME!1
NAME]1 (i:1 + 3) = ’.out’
A1l (10) = NAMEI1
NAMEI1 (11 + 3) = ".dat’
Al (17) = NAME1
NAME1 (I:1 + 3) = .br’
Al (18) = NAMEI1
GO TO 1020
END IF
1010 CONTINUE
CALL CLEAR
WRITE (*, *) "FILE NAME TOO LONG TO CREATE OTHER FILES’
PAUSE
STOP
1020 CONTINUE
RETURN

*
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APPENDIX J:

LISTING - PROGRAM MKSMOOTH.FOR
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INTENTIONALLY LEFT BLANK.
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PROGRAM MKSMOOTH

(C Merkesterteaeabodkodsob s o e s o i e el sk e ol o e ol e s o el o ol o e o ool s e o o sl o e o ok sl o e o e ol ol o e s ok ok ok sk okl ok ok
Cﬂl***#

C Version: 3.0, January 1992; Last Modified 1/7/92

C 1/9/92

C 2/10/92; GRAPHICS ADDED

C

C Written by: William Oberle, U.S. Army Research Laboratory

C

C Purpose: This program prepares data by removing wild points, smoothing
C the data, calculating the derivative.

C deedokokakaeoksioskor ol ookt ok el sk ok ol ol i e st s oo o ool s o e o b o oo ae ol o ae ol oo o o o oe b oo e ol o o ok ok sk ok
Credeksokk

COMMON /CNTROL/ ILENGT, NS, NE

COMMON /GRAPH/ START1, START2, DELTA1, DELTA2
CHARACTER*20 FPVT, FPDT, FINF, Al (20), A2 (6)*80, NAME1, A*1
CHARACTER*20 XAXISL, YAXISL, TITLE*40

DIMENSION T (2048), PR (2048), PS (2048), PDOT

1 (2048), A3 (100), P (11, 15, 5)

2 , EE (2048), ORGP (2048), ORGP1 (2048)

(C e skl e sk e b e sl s sl ol e sl ol o o o ae e o e o e o ool e e o ke o e ok e s e b ol o o ko sl o 3 s o o ook e ko ke o e s e ke o ke ok o o sk ok e

Cexrkiskiddrsirass OBTAIN PRINTER & SCREEN CHARACTERISTICS #*#kkskokkkskkk

C**#*#******&t********’k*********#*********************************#*****

CALL CLEAR
WRITE (*, 6000)

6000 FORMAT(//,10X,'This program has the capability of generating’,
1/,10X,hard copy plots of the pressure-burmn rate data. To’,
2/,10X,’gererate plots information coricemning your printer is’,
3/,10X,'required. The output port is assumed to be LPT1.’,
4//,10X,’Select printer by number.’,
5/,15X,’1. Epson Dot Matrix’,
6/,15X,'2. HP Laser Jet *,//,10X, Enter Choice.")

READ (*, *) NAIS

IF (NAIS .EQ. 1) THEN
MODEL = §

ELSE
MODEL = 62

END IF

Crreskkakarabskoiods o sk i ko s b oo sk e e s ol ool o ol ae e b a0 oo oo ol o ok ool o o o o ool o o o ol ok e o ook ok o ok ok

C‘t“#**#*l**t*‘t CON']"ROL FOR DOING ANOTHER SMOO’I‘HING e o o xk o o e e ale ae ae e o age ke e

CHrddbhbkbkke kb kbbb khk bk bk dhb kbbb kb bbb okok ook ok koo kokokkkok bk

IPLCH=0

Coetdnbbbbbhbhbbhbh kb dhbkdkdobdobobdok bbbk diokikbkkdob bk bk kkok ok ok kkiokk

(el d A Ll A2 Al JINF FILE IS REQUESTED a2 3 a2 a0 a e ool ool e o o o e ol o ol e s ok ok
Credub st bbb bbb bbb s bt bbb bbb hb bbb bbbk bbb kbbb bk bbbk kb kbbb kb ket kkb bk

CALL CLEAR
1000 CONTINUE
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WRITE (*, 6010)
6010 FORMAT(/////,20X, Enter file name for data to be reduced.' /)
READ (*, 5000) FINF
NAME! = FINF
1010 CONTINUE
DO1020I=1,17
A = NAMEI (1)
IF (A .EQ. '.") THEN
CALL CLEAR
WRITE (*, *) "The file name entered has an extension which is’
WRITE (*, *) 'not allowed. Please enter a new name without °
WRITE (*, *) 'an extension.’
READ (*, 5000) NAME1
GO TO 1010
END IF
IF (A .EQ. ' ') THEN
NAME]! (I:I + 3) = ".inf"
FINF = NAMEI1
GO TO 1030
END IF
1020 CONTINUE
5000 FORMAT(A20)
1030 CONTINUE
OPEN (UNIT = 9, FILE = FINF, STATUS = 'OLD’, ERR = 1040)
REWIND (UNIT =9)

(Coe ok b ak sl s ke o ol ol o o ae ol e s e s ae s e e ok e o o o sk o o e ke aeal e s a e sk ok ae i s o o ik o sl o o s ke s ke sl e ok ae s e o ae b ale ke oke
(Coke e sttt b ok e ol ok o o e sl o o ke ok o sk oke READING .INF FILE % stskcakoskkok sk sk ok s s ok o o sk sk o sl s s s ek
C***************************************#*******************************

DO 1050I=1,6
READ (9, 5010) A2 (I)
1050 CONTINUE
5010 FORMAT(A80)
DO 10601 =1, 20
READ (9, 5020) A1 (I)
1060 CONTINUE
5020 FORMAT(A20)
DO 10701 =1, 100
READ (9, *) A3 (1)
1070 CONTINUE
DO 10801=1,11
DO 1090J=1,1S5
DO1100K=1,5
READ (9, *) P (1, J, K)
1100 CONTINUE
1090 CONTINUE
1080 CONTINUE
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CLOSE (UNIT = 9)
GO TO 1110
1040 CONTINUE
WRITE (*, 6020) FINF
6020 FORMAT(//,10X,’ An error has occurred in opening the file,’,A20,
1/,10X,’most likely the file does not exist.")
PAUSE
GO TO 1000

C***l‘lt**titt**‘****‘*#**lﬁ*********#***t***t*#*********#****#****#&***##t

Chxdiokaoktokpookbokokbok ok ok SMOOT]-“NG OPTIONS ARE LISTELDD st sk sk ok sk s s ok ofe s ok oo s ok

Cll****ll#*ll!“#**#*****t*##ttt##*#*******i**t***#*****##****#tt*t********

1110 CONTINUE
CALL CLEAR
WRITE (*, 6030)

6030 FORMAT(///,15X,” Smoothing & Differentiation Options’,
1/,5X,'1. Use a fixed bridge length (slivering not considered)’/,
25X,"2. Use a "floating" bridge length (slivering not considered)
3./.5X,’3. Use a fixed bridge length (slivering considered)’
4,/,5X,'4. Use a floating bridge length (slivering considered)’
5/.5X,'S. Exit’
6.//,15X, Please Enter Your Choice: ')

READ (*, *) ICHOICE

IF (ICHOICE .EQ. 5) GO TO 1120

IF (ICHOICE .GT. 5) THEN
WRITE (*, *) 'Your choice is not between a 1 and §’
PAUSE
GO TO 1110

END JIF

C**************’k#*****************t*************#********##**********#**

C***#*******#*# CONTROLS ON HANDLING DATA ARE EN’]‘ERED e 3¢ ok e e 2 s e de she ae ale afe o ofe 3k ok
C#*#*****t**************#t************t*****#**t************************
CALL CLEAR
WRI'I'I:_ \'t' ll) L
WRITE (*, *) 'Enter the number of wild point removal passes: ’
READ (*, *) NUMW
IF (NUMW .GT. 0) THEN
WRITE (*, *) "This program allows the user to enter a value’
WRITE (*, *) 'to determine what the cutoff will be for’
WRITE (*, *) 'discarding or keeping wildpoints or outliers.’
WRITE (*, *) "The value entered can be any number greater than’
WRITE (*, *) 'zero. The closer to zero, the tighter the’
WRITE (*, *) 'tolerance on the wildpoints.’
WRITE (%, *) '’
1130 CONTINUE
WRITE (*, *) 'Enter the value for the tolerance on the wildpoints.’
WRITE (%, *) 'A value of S is generally used.’
READ (*, *) XWP

247




IF (XWP LE. 0.0) THEN
WRITE (*, *) "VALUE OUT OF RANGE, MUST BE LARGER THAN ZERO'

PAUSE
GO TO 1130
END IF
END IF
WRITE (%, *) "’

WRITE (*, *) 'Enter the number of smoothing passes: ’
READ (*, *) NUMS
IF (NUMS .LE. 0) GO TO 1140
ILENGT = - 1
IF (ICHOICE .EQ. 1) .OR. (ICHOICE .EQ. 3)) THEN
1150 CONTINUE
WRITE (*, *) *°
WRITE (*, *) 'Enter the fixed bridge length, a odd number’
WRITE (*, *) 'between § and 35.°
READ (*, *) ILENGT

(Ce e sl e o ok o e sk e sk e sl s e s e e o sk o e o ke o ol o af ol sl e s o ke o afe sk ol e sl o s o s o sk o e ool o sl e ke s ke ok ae ok o o 3 o ok o o

C**#t#*tt*&*t***&* "[‘EST TO DETERM]N‘E IF ILENGT IS OK 3k 3 3 e e 2 2 b 2k ok ok o ok ke ok e e ok
C******#******!ll********t*tt*t************#******#**********************
IFHRY = MOD (ILENGT, 2)
IF (IFHRY .EQ. 0) .OR. (ILENGT .GT. 35) .OR. (ILENGT .LT. 5)) THEN
WRITE (*, *) 'The bridge length is not an odd number between’
WRITE (*, *) 'S5 and 35. Please enter a new number for the bridge’
WRITE (*, *) 'length.’
GO TO 1150
END IF
END IF
IF (ICHOICE .GE. 3) THEN
CALL CLEAR
WRITE (*, 6040)
6040 FORMAT(////,20X, 'Please enter the slivering pressure in MPa.')
READ (*, *) PCUT
END IF

(Cte e eakeake s o e o oo ol o ke s e ae b o s ol o o aea o al ol o e ol o ol ol ok a6 o o o e o o ol ool ol o o o o o o o ol o o ool ok ok

(kbbb kok SWITCH TO SKIP IF REDOING SMOOTH!NG g ool o ol o o ok e o ol o e b ok

(Ce etk i o e e a e o e s o e ool e ol ool e o e o s o o a6l ol ol ol ol o o o o e o e o o o o ok o o o o ol ol o ol oo oo o o o ok ok
IF (IPLCH .EQ. 1) GO TO 1160
C*‘ttt#ti‘*litt#i##‘ll‘###*‘&*#****lllltlllt#llt#‘t#“ltt*&&***‘l*t*l’t‘*t‘##tit
Cobhbbk bk bbb bbb hd gk THE .PV'I‘ FILE IS READ **®kkbknkuhbhkbbkbbkbkbkgs
Ct“*t*tt**l*tt‘**“#*.*#*#t*tit‘lt*‘llll'llll“tll“'ll‘lli*‘i*it**i*‘*tt*t‘t“#‘

1140 CONTINUE
FPVT = Al (5)
OPEN (UNIT = 1S, FILE = FPVT)
REWIND (15)
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READ (15, *) NP

IF (Ne .GT. 2048) THEN
CALL CLEAR
WRITE (*, *) 'THERE ARE TOO MANY POINTS IN THE P/T DATA FILE’
WRITE (*, *) 'A MAXIMUM OF 2048 POINTS ALLOWED’
PAUSE
STOP

END IF

READ (15, *) PMAX

A3 (43) = PMAX

READ (15, *) PMIN

READ (15, *) TMAX

READ (15, *) TMIN

DELTAT = (TMAX - TMIN)/NP - 1)

C****t***ll#*i‘tt#*##tt‘*#t‘&*t###‘tt*‘t**#*t#*#ﬁ#*tt‘#t*#*****‘*#**tt**#

CHetxknnnsnskrsrres OBTAINING CONSTANTS FOR GRAPHS *## %%k uimmib bk ki
(e oo ol e ol otk

T(1)=00

T (2) = TMAX

CALL SCALE (T, 5.00, 2, 1)

START1 =T (3)

DELTAl =T (4)

T(1)=00

T (2) = PMAX

CALL SCALE (T, 5.00, 2, 1)

START2 =T (3)

DELTA2 =T (4)

Ct#*t**#*t‘#‘tt*‘*#ttt#‘**'ﬁ.l‘**#*#ttttt**llt‘#*tt#t#t&*tl***‘ttt#ttt*t#

C‘*t&tt#*tt*#t### TIME S'rEP lS CON‘F[RMED e e a0 e e o o e e o ol ol e e o e e e ol ol oo ol o o e e e e e
C&#tt*#*ttllllllll‘ll#ﬁ&t#tt*#*“'.t&t“ttt#ttttttt#tttttt#t*t*lt‘ttttt#t&t#tt
CALL CLEAR
WRITE (*, 6050) A3 (42)
6050 FORMATY(////,20X,"The current time step is:'.F10.6,' ms’,
1//,20X,'Is this value correct? (Yes=1, No=2)',
2/,20X, Enter your choice.")
READ (*, ® Il
IF (Il .EQ. 2) THEN
WRITE (*, 6060)
6060 FORMAT(/,20X,'Enter correct time step in milliscconds.’)
READ (*, *) A3 (42)
DELTAT = A3 (42)/1000.
END IF

C.‘i&#t‘t“ti&*t“"‘*##ttttti‘vli‘t‘tlttti*tt.t*t“it‘tttt&t*t&tttltt#t‘

Cosssussnssssusss PRESSURE-TIME FILE IS READ *#%¢vsssssssnssssssvsssssns
el L T T T T T
1170 CONTINUE
DO 11R01 =1, NP
READ (15, *, ERR = 1190) T (). PR (1)
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1180 CONTINUE
CLOSE (15)
GO TO 1200
1190 CONTINUE
WRITE (*, 6070) 1
6070 FORMAT(/,5X,’AN ERROR HAS OCCURRED IN READING THE PRESSURE’,
1/.5X,’AND TIME FILE. THE ERROR OCCURRED ON THE ’,]4,” STEP.’,
2/,5X,CHECK THE DATA FILE AND TRY AGAIN.")
PAUSE
STOP
1200 CONTINUE
Ok sk R ok ks o o ok ok K K R R R
C*»* THE ELECTRICAL ENERGY IS READ IF OPTION 5, ETC HAS BEEN **¥**k%ksxx
Crokdkkbkkkkkkdkkkkkkkkdkk SEL ECTED *# ki kbbb koo ok ok ok kook ok
Okl o s e o s o e oo oo ok ool s s koo e ok

ITYPE = INT (A3 (2) + .5)
IF (ITYPE .EQ. 5) THEN
OPEN (UNIT = 15, FILE = Al (19))
DO 12101 = 1, NP
READ (15, *) DUMTT, DUMEE
EE (I) = DUMEE
1210 CONTINUE
END IF

Coet kel ek e ok ol s s o o e ol e ol e ol ok ol ook o o o o o sl ol sl ol o s ale e o og o ol o e ale sl o ol o ool ol ol e ol sl ok ok e e o ok

C****#*#####*#tt#tt GRAPH OF PRESSURE T]ME ‘S ALLOWED e ahe e e ale e ade e ade e e afe 2 2 kol ok ok
C#&*#**tt###**‘#***t##lli‘tttttt#il#t*#lntll&t#t*#tlhlr***********#***#*tttt#t
DO 12201 = 1, 2048
ORGP1 (I) =PR ()
1220 CONTINUE
CALL CLEAR
WRITE (*, *) '1. Plot original pressure-time data’
WRITE (*, *) '2. No plot’
WRITE (%, %) '’
WRITE (*, *) 'Enter your choice (1 - 2)°
READ (%, *) IYR
IF (YR .EQ. 2) GO TO 1230
XAXISL = 'Time (Sec)’
YAXISL = 'Pressure (MPa)’
TITLE = 'Press Vs Time; File:'//A1 (5)
CALL PL8SLG (T, ORGPI, NP, XAXISL., YAXISL, TITLE, MODEL)
1230 CONTINUE

Ci‘tt‘tt‘t‘.“‘#tttt“‘*liﬁ&ttt&#ttit&&t“*‘.**tt*t#.*l‘t.'t#‘ttt*“‘t#t

C*** THE INITIAL PRESSURE TO KEEP IS DETERMINED, MAX IGNITER PRESSURE **
Ce#wesssvssss AND THEORETICAL MAX PRESSURE IS DETERMINED **+s+sssssssens

C#‘t“‘it..t...‘.t“.*.““t‘.t‘t#t#“tt“‘i.“‘ttlt‘ltt&"&‘tt&tt*“i“

CALL PIG (PIGN, A3, P)

C““‘t‘tttliit!‘&.t*“iiiit'tt““Ulttttttt‘t*.&&t&ttt&&*‘tt&tt*t.‘*l“

C‘*““tt‘t‘tt.t HRST WILDPOIN']‘S ARE REMOVED (L2 LT IA A AR AT T 13211}
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C..‘.‘.'..‘.0.‘&.‘...“...“‘...0‘t‘tttttt#tt‘t#ll‘ll##*“t*tt#t*.it#‘.#“

1160 CONTINUE
IF (NUMW EQ. 0) GO TO 1240
DO 12501 = {, NUMW
CALL CLEAR
WRITE (*, 6080) I, NUMW
6080 FORMATY(//," '.'PROCESSING: Wildpoint Pass *,12," of ',12,".")
CALL CBWILDPT (PR, NP, NUMW, XWP)
1250 CONTINUE
1260 CONTINUE
CALL CLEAR
WRITE (*, *) '1. Plot original data’
WRITE (*. *) '2. Plot wildpointed data’
WRITE (*, *) '3. Overplot original & wildpointed'
WRITE (*, *) "4. No plot, proceed with program’
WRITE (*. *) '’
WRITE (*, *) 'Enter your choice (1 - 4)’
READ (¢, ) IYR
IF (IYR .EQ. 4) GO TO 1270
XAXISL = 'Time (Sec)’
YAXISL = 'Pressure (MPa)'
TITLE = 'Press Vs Time; File:'//Al (14)
C TITLE="Pressure Versus Time’
IF (IYR .EQ. 1) THEN
CALL PLS8LG (T, ORGPI, NP, XAXISL, YAXISL, TITLE, MODEL)
END IF
IF (IYR .EQ. 2) THEN
CALL PLS8LG (T, PR, NP, XAXISL, YAXISL, TITLE, MODEL)
END IF
IF (1IYR .EQ. 3) THEN
CALL PLS8OP (T, ORGP1, PR, NP, XAXISL, YAXISL, TITLE, MODEL)
END IF
GO TO 1260
1270 CONTINUE
C...tt.....‘ttt..ttt.ttttt‘ttt&&.t#ttt‘ttttttttl"‘t‘t#“tttt&tt‘ttt&tttt
Ctt.‘tt‘..t..t.‘ PRESSURE DATA ls REDUCED (I 1222 T3S AT R332 P2 R 2 20238
Ci0.0.‘0.‘“‘t't‘tltt‘t‘t‘.‘0..t"".ttttt-ttttt‘tt‘t““t“t“tt#t#tt*t
Ct‘t‘.““t“.‘tttt‘tttttttt‘ttt.t‘ttttttt‘tt‘ttt“tttt'*tl#ttttttttt‘tt
Cttt““tt.t“tttt FINDING LOCATION OF PMAX (2 A2 R 23233323 R8P 22122 28 0 1)
Ctttt‘t..“.‘.tt‘t‘tttt‘tt‘iitt.ttt‘ttttt‘tt&tttttttt&ttttttttt‘tt‘ttt‘t
1240 CONTINUE
PMAX = PR (1)
NHIGH = 1]
DO 12801 = 1, NP
IF (PR (1) .GE. PMAX) THEN
PMAX = PR (I)
NHIGH = 1
END IF
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1280 CONTINUE
el L T T T T PP T TP
Crueadsdss NEXT FIND LOCATION WHERE ALL POINTS ARE ABOVE **####tstrunsn
CHssrsnsrrrrsssnnsssrs 809 OF THE IGNITER PRESSURE #*%%# %%k us bbbt sk diin
fonna L T T PP T
NSN =0
DO 1290 I = 1, NHIGH
IF(PR(I) LT.PIGN) NSN =1+ 1
1290 CONTINUE
LOWERI = NSN
IF (LOWERI .LE. 0) LOWERI = 1

Ct#*t‘tt#*#***#***t**##‘tit**t#t#*#‘#*#*#‘ttt#t**&#***t**###**tt*t**ﬁt#*

Crtrkkiokkkkbkiokkk REWRITING THE ARRAY #®saokakacookokaodoko o ook o ot ook sl ot ok ok ok e
Crrdemtokakabk ok ek s ok oo s ook o ok s et s stk ok sk st ok ol ol ol o s ok o o ok s ook e i ke ok ke ok

CALL CLEAR
PIG2 = PIGN/.8
NDIFF = NHIGH - LOWERI
IF (NDIFF .GT. 1000} LOWERI = NHIGH - 939
WRITE (*, 6090) PIG2
6090 FORMAT(’ *,"The pressure due to the igniter is: ', F12.3,’"MPa’)
WRITE (*, 6100) PR (LOWERI)
6100 FORMAT(' ’,'The starting pressure value is: 'JF12.3," MPa')
NPOINTS = LOWERI - 1
TIMEDP = NPOINTS*A3 (42)
WRITE (*, 6110) NPOINTS
6110 FORMAT( ',J4," Points have been deleted.”)
WRITE (*, 6120) TIMEDP
6120 FORMAT(" *,'This corresponds to a time delay of: ',F9.5," ms.")
WRITE (*, 6130) LOWERI, NHIGH
6130 FORMATY( ’,'The indices are: ',216)
PAUSE
NP =0
DO 1300 I = LOWERI, NHIGH
PR(NP+1)=PR(D)
ORGP (NP + 1) =PR (1)
TNP+1)=T()
C T(INP+1)=NP*A3(42)/1000.
IF (ITYPE .EQ. 5) THEN
EENP+ 1)=EE (I)
END IF
NP=NP +1
1300 CONTINUE
IF (NUMS LE. 0) THEN
NE = NP
NS =1
END IF

Ct“t‘t&‘ti#t.ti*‘**‘tllt‘*#‘*t‘*ttt&#**#*l*t“##lllt#ttttttttt&‘t*#*##t*t‘

Ce#essssxs CLEARING THE REMAINDER OF THE ARRAY TO ZERQ #*###ssusshinisss
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C###‘t#***t***##***t*#**ll*****#*#*i‘*******#*********#**##*********t*****

1310 CONTINUE
NPP=NP + 1
DO 1320 I = NPP, 2048
PR (I) =00
ORGP (1) = 0.0
IF (ITYPE .EQ. 5) THEN
EE (I) = 0.0
END IF
T@H=00
1320 CONTINUE

C###*##*t*t#ll*#*tt*#t***#***i******‘*#‘tt*#******t*‘****#***t#t#**&*#*#*

Crasukinkrsrssx MESSAGE FOR DATA SMOOTHING IN PROGRESS **##kkkbhnmkbniih
Ll
1330 CONTINUE

CALL CLEAR
WRITE (*, 6140)

6140 FORMAT(///, 10X, *#% stttk o dok dok dd bk bk ok ok bk bk bk e
17,10X, #*#dsukisx DATA IS NOW BEING PROCESSED *##¥#hau
2/,10X, ***** THIS CAN TAKE UP TO SEVERAL MINUTES ****°,

3/'1ox"#*tt#*##**#**#&*******#**t***i#******#t**i****')
C*******#****###****#*#*t#**#*****#***********#************#***t********
C*#**#***#*******#** The data is smoothed. dhe e a2 of o e e 2 e afe o e o e o e e o o e afe e ke o e ol ak
C#t**#*****‘**#***#*********t***********#t#**#*****************#*******t
C##*****#***#*##ttt* FIRST OPI‘ION 1 & 2 ¥dekdokakakdonokookook ok odokokook ok dodokokok ok ok
C#*##*#*****#&t**t*#t***##***#**#*****#*##**********##********#&t#****t*

IF (ICHOICE .EQ. 1) .OR. (ICHOICE .EQ. 2)) THEN
NS =1
NE = NP
CALL SMOOTH (T, PR, PS, PDOT, NUMS, DELTAT)
GO TO 1340

END IF

Cll**ll*‘*#t#ﬁt*******‘**#&*t*******#*#******’ktll*t**###**#t*****t*******#*

C*******#*t*t******* NOW OP‘[‘ION 3 & 4 F¥dkkokkokdokakakokokokakokodok dokokokokokok ok ok bok ok
C#**#****##*###‘*‘#*****#**tt#‘**&*ll**#*#t##******#*#t*#‘****t*t*#******

IF ((ICHOICE .EQ. 3) .OR. (ICHOICE .EQ. 4)) THEN
DO 1350 I= 1, NP
IF (PR (I) .GT. PCUT) THEN
NE=1-1
GO TO 1380
END IF
1350 CONTINUE
NS =1
NE = NP
CALL SMOOTH (T, PR, PS, PDOT, NUMS, DELTAT)
GO TO 1340
1360 CONTINUE
NS =1
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CALL SMOOTH (T, PR, PS, PDOT, NUMS, DELTAT)
NS=NE +1
NE = NP
CALL SMOOTH (T, PR, PS, PDOT, NUMS, DELTAT)
END IF
CALL CLEAR
WRITE (*, *) 'The derivative has been calculated.’

C*##*******#**#****t##*******##******#tt#**************##***************

C******#**‘******#t‘ .]NF FILE lS WRITTEN e e 2k e 2 e abe 2 ol abe o o b e afe o o e o o 2 o o o ofe o ol e e
C**************##*‘t#*#**‘lt#t**##t***#***************#************#*****

1340 CONTINUE
OPEN (UNIT = 5, FILE = FINF)
REWIND (UNIT = 5)

DO 13701 =1, 6
WRITE (5, 6150) A2 (I)

1370 CONTINUE

DO 13801 = 1, 20
WRITE (5. 6160) A1 (I)

1380 CONTINUE

DO 13901 = 1, 100
WRITE (5, *) A3 ()
1390 CONTINUE
DO 14001 =1, 11
DO 1410 =1, 15
DO 1420K=1,5
WRITE (5, *) P (1, J, K)

1420  CONTINUE

1410 CONTINUE

1400 CONTINUE

6150 FORMAT(A80)

6160 FORMAT(A20)

CLOSE (UNIT = 5)

C*******#*t*‘#*t#*##**##*#*##*#**ﬁ***tt***#*************#**********t*#*#

C*#‘*t***********t*‘*t** OPTION TO FORCE MONATOMIC PRESSURE o oo e ae e o aje e e e ok

C*ll#"l#l‘"ll*#****#**t*****t*#*t&*****lll***#***#*lll*l‘t***t#**t*#*##****t****tt*

IFFY =0

C*******#*#**##****t**t*#t*t#**t**************************#*#**t****#*t*

Coeesnknnrrikssnriss FIRST ARE POINTS OUT OF ORDER *#**## s bbb dabkk
o L L T e L
DO 14301 =1,NP- 1
IF(PR d) .GE.PR (I + 1)) IFFY =1
1430 CONTINUE

C*##‘**#*t#‘#i‘*‘*#t‘##*#t‘#tt*t*t*t#*t******lk********#**t##**#t***t**#*
C**t*****#“*#t###‘# OPTION IS OFFERED abe e o e 2 2 b b a2 b b 2 o o e o e o e e ol ol ol ok e ok o ol ok
Clltll###tt‘tllti******##‘lt‘t###‘#t*t##tll#t*t*tt*#t#t*#t*********#lﬂﬁ*****#*

IF (IFFY .EQ. 1) THEN
CALL CLEAR
WRITE (*, *) 'The pressure is not strictly increasing.’
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WRITE (*, *) 'Do you wish to adjust the data so that’
WRITE (*, *) 'the pressure is strictly increasing?’
WRITE (*, *) 'Enter your choice. (Yes = 1, No = 2)’
READ (*, *) [FFY1

IF (IFFY1 .EQ. 2) GO TO 1440

C#*******t*#t#ll****ll**ll#ll##t#**##*******#*t**********##****#t#*****#*##*

Cridkrknkiskis PRESSURE IS MADE STRICTLY INCREASING b sk ok kb o
Cdkkkaok ok ok kR ok ok ok ook ok ok o kR kR
DO 14501=NP-1,2,-1
IF (PR (I) .GT. PR (I1- 1)) GO TO 1450
DO1460K =2,1-1
IF (PR (I) .GT. PR (I - K)) THEN

IDX=1-K
GO TO 1470
END IF

1460  CONTINUE
C*******#****t********** POIN"[‘ IS LOW POIN'I‘ IN DATA ale e afe e 2 ok 2 2 ok s o afe ke 3jc sfe 2 xje e 2 2
IDX = 1
1470  CONTINUE
XBOT =1 - IDX
XSTEP = ABS ((PR (I) - PR (IDX))/XBOT)
DO 1480 J=1-1,IDX + 1, - 1
PR (J) = PR (I + 1) - XSTEP
IF (PR (J) .LE. PIGN) PR (J) = PIGN
1480  CONTINUE
1450 CONTINUE
END IF

C*t#***#*****##‘*tt***t*****lll**#***#*******************#***********#****

C*t*******#*t*#tt** GRAPH OF CURVES IS PRESENTED e 3 3 e e 2 2fe o s 2 afe ol 2 ke o e e o ofe e o s ok
C*lll**t#****t*##ttt*t#&tt*t***tt*llntut********#*****#*********#***t***#**t*
1440 CONTINUE

CALL CLEAR

WRITE (*, *) '1. Plot reduced data, wldpts removed, no smoothing’

WRITE (*, *) '2. Plot reduced, smoothed data’

WRITE (*, *) '3. Overplot 1. & 2.’

WRITE (*, *) '4. No plot’

WRITE (%, %) '

WRITE (*, *) 'Enter your chcice (1 - 4)°

READ (%, *) IYR

IF (IYR .EQ. 4) GO TO 1490

XAXISL = 'Time (Sec)’

YAXISL = 'Pressure (MPa)’

TITLE = 'Press Vs Time; File:'//A1 (14)
C TITLE="Pressur¢ Versus Time’

IF (IYR .EQ. 1) THEN

CALL PLS88LG (T, ORGP, NP, XAXISL, YAXISL, TITLE, MODEL)
END IF
IF (IYR .EQ. 2) THEN
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CALL PL88LG (T, PR, NP, XAXISL, YAXISL, TITLE, MODEL)
END IF
IF (IYR .EQ. 3) THEN

CALL PL88OP (T, ORGP, PR, NP, XAXISL, YAXISL, TITLE, MODEL)
END IF

Ct********t*‘***##*****#*i*‘*t*l**************#**#****************#*#**t

C******#********#*# ANOT}{ER PLOT OR SMOO’]"H]NG 3k e e 39 3§ e e 3 abe 2 2 aje 3¢ 3 b afe ale e afe o ae e e ade ol ok
C****&‘ll****‘l***##*l‘lll&i###*#********#**t#*************************tt*tt*
1500 CONTINUE
CALL CLEAR
WRI'I'E (*' t) LI
WRrrE (&' ll) L
WRITE (*, *) '1. Additional plot.’
WRITE (*, *) *2. Wildpoints or Smoothing with different’
WRITE (*, *) ' option or bridge length.’
WRITE (*, *) '3. Save current smoothed data and exit. ’
W'RH'E (t' #) LA
WRITE (*, *) 'Enter your choice. [1 - 3]’
READ (*, *) IANT
IF (IANT .EQ. 1) GO TO 1440
IF (ANT .EQ. 3) GO TO 1490
IF (IANT .EQ. 2) THEN
IPLCH =1
DO 15101 =1, 2048
PR () = ORGP1 (1)
1510 CONTINUE
GO TO 1110
END IF
WRITE (*, *) 'Your choice is not between 1 and 3.’
PAUSE
GO TO 1500

C#*********‘#***#*#*#*ll###***#*******************t**********************

Cr*swxsnbuwrses The data is written (o the output file, **###kkdkinkirss
ook o Aok o o ot o ook ook ol ook ook o ko o
1490 CONTINUE
OPEN (UNIT = 3, FILE = A1l (14), STATUS = '"NEW’, ERR = 1520)
REWIND (3)
IST=1
IF (NP .GT. 999) THEN
IST = NP - 990
END IF
DO 15301 = IST, NP
TX = (1 - IST)*A3 (42)/1000.
C TX=T{)
IF (ITYPE .EQ. 5) THEN
WRITE (3, *) TX, PR (I), PDOT (I), EE (I)
ELSE
WRITE (3, *) TX, PR (I), PDOT (1)
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END IF
1530 CONTINUE
CLOSE (UNIT = 3)
GO TO 1540
1520 CONTINUE
CALL CLEAR
WRITE (*, *) *An error has occurred on opening the file to save’
WRITE (*, *) ’the smoothed data. Most likely the file already’
WRITE (*, *) 'exists. Enter a new file name.’
READ (¥, 5030) Al (14)
5030 FORMAT(A20)
GO TO 1340
1540 CONTINUE
WRITE (%, *) ' '
WRITE (*, *) 'This program has finished preparing the data.’
WRITE (*, *) 'The prepared data is in the output file: °, Al (14)
WRITE (*, *) 'The information file is: *, FINF
WRI']'E (*' *) L
WRITE (*, *) 'Press Enter to Continue’
READ (*, *)
GO TO 1110
1120 CONTINUE
END

Cerke ekl steaieate e b e ol ol o o oo e e ol e o e o s oo s ol o s e o e e sk o ol e oo o o o o o o o o o e ke o oo e sl o ol ook ok o ok o e ok

SUBROUTINE PIG (PIGN, A3, P)

Creaeoteate sk et s b dbe e e s b oo b o o ol o o sl e e b e ool o o oo e ol oo o ae o e o o e o o ol s ale o s ae o ke o e o o e s o ol o ok e ok

C Version: 3.0, January 1992
Written by: William Oberle, U.S. Army Research Laboratory

Purpose: This routine determines a value to be used as the lowest
pressure to be saved in the data file. It is based upon
80% of the pressure due to the igniter after the pressure
has been adjusted for heat loss.

oNoNoNoNoRoNoNe]

C*t****‘t#*“##*********#‘#*##*#l***********#lﬂk#*#*#***#****t#*‘#**t****

DIMENSION A3 (100), P (11, 15, 5)

Crleteseaatedke ot o s o e ol e s s e o e ol ol o ol e e e o b o oo e o o ol ool e ae o o e o ool ol o ool ol o e e ol ook ol e o ke sk ok

Ce*** THE UNCORRECTED PRESSURE DUE TO THE IGNITER IS FOUND ##¥*#*¥®khiikn
Ll T T T e e e
N =INT (A3 (4) + .5)
SUM = 0.0
DO1000I=1,N
SUM=SUM+P(,1,3)
1000 CONTINUE
SUM = SUM*A3 (46)
V = A3 (23) - A3 (17)*A3 (26) - SUM
A3 (29) = A3 (13)*A3 (26)/V

257




C***&***#****‘***‘***t***#**#*************&****************************#

Ce¥xdsinds THE THEORETICAL MAXIMUM PRESSURE IS DETERMINED **##%#skkkdkboknn s
el L T T e T L
SUMT1 = A3 (13)*A3 (26)
SUMBI = A3 (17)*A3 (26)
SUMT =0.0
SUMB = 0.0
DO 1010I=1,N
SUMT=SUMT +P 4, 1,3)*P (2, 1,3)/P 8,1, 3)
SUMB =SUMB + P (4,1, 3)*P (6, I, 3)/P (8, 1, 3)
1010 CONTINUE
SUMT = SUMT*A3 (46) + SUMT1
SUMB = A3 (23) - SUMB*A3 (46) - SUMBI
A3 (44) = SUMT/SUMB

C e skedkeakeate e abe ek o ool o i e b s b o e o ae ok ae i ol e b s e ae ke ol e o ol sl ok o e ok e sl e ol o sl e ol sl s e e ook oo kol e ol ok

Cddaknskrikk THE LOWER LIMIT OF PRESSURE IS DETERMINED *#¥kkioruksdodokdokokok
okt ok sk o Ao o ol o ool sl ook ool ok R o o ok K o

PIGN = A3 (29)*A3 (43)/A3 (44)*.8

RETURN

END

C sk seate ol e st e s e s s oo e s ol o ae o o o o e o o oo e o e oo e ool e ool e o ke b o oo oo s ol o s e o ko ol oo s e s sk ok o

SUBROUTINE CBWILDPT (PR, NP, NUMW, XWP)

(C deskedieakeakoleskeake e e e e abe sk e o o o b b o ol o e o o s o o deae e o e o e b e o e o aeok o e e o ae ke o s s e ool o o oe e sl s o e ok o ek ke ak

C Subroutine;: CBWILDPT.FOR

Encoder: Kristopher Koehnen
Applied Combustion Technology, Inc.
P.O. Box 17885
Orlando, FL 32714

(305) 889-7337

Summary: This subroutine is used to remove wild points from the data.
This subroutine was modified from the original (sce ref. 1)
to be used in the development of a system to acquire, prepare
and analyze data from the closed bomb experiments for the
U.S. Amy Research Laboratory - Advanced Ballistics Concepts
Branch.

Input: PR: array containing the pressure values
NP: number of points in the array P

Output: PR: pressure array with the wild points removed

Reference 1: Domen, John K. "Closed Bomb Data Analysis and Reporting,
(Revision of MIL-STD-286B, Methods 801.1.2 and 804)",
Final Report, March 1986, AMCCOM AMSMC-QAH-T(D), Dover,
NIJ 07801-5001, Page §

sNoNoloNoNoNoNoRelo oo Ko Ko Re oo Koo XeKeRo o Xe!
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C a2 e e a2 3 e e o e 3 o o ke 3 a2l e afe e ae ol afe ok ol e e a2 ke b ok 3 3 3 3 o e e ae e ae e 2 ae o ke e e i e o 2 ol ol 3 3k 3k e e e ae e e ake 3 o ok

DIMENSION PR (2048)
DO 1000 KKL = 1, NUMW
CN = 1./32.
CNPOL = 1./70.
CN2 = 1./224.
NTEN=NP - 10
DO 1010 I = 1, NTEN
J=I+5
VAI=PR(J-5+PR{J+5)
VA2=PR(J-3)+PRJ +3)
VA3I=PR{J-1)+PR{J+1)
VBI=PR(J-5)-PRJ+5)
VB2=PR(J-3)-PR(J +3)
VB3=PR{J-1D-PR(J+1)
A = CN*( - 3.0*VA1l + 7.0*VA2 + 12.0*VA3)
Al = CNPOL*( - 5.0*VBI1 - 3.0*VB2 - VB3)
A2 = CN2*(5.0*VA1 - VA2 - 4.0*VA3)
M=-7
YVAR =0.0
DO 1020 KK =1, 11,2
K=KK-6
1030 CONTINUE
M=M+2
IF (M .EQ. 0) GO TO 1030
YTEMP = A + A1*M + A2*M*M
YABS = ABS (PR (J + K) - YTEMP)
YVAR = YVAR + YABS
1020 CONTINUE
YAVE = YVAR/6.
YDIFF = ABS (PR (J) - A)
IF (YDIFF .LT. 1.1) GO TO 1010
IF (YDIFF .LE. XWP*YAVE) GO TO 1010
1040 CONTINUE
PRO)=A
1010 CONTINUE
1000 CONTINUE
RETURN
END
* C*t‘tttttttt&tt*tttt&ttttt*ttit#tt#tttttttluﬂr*t#*tt***t**tt##tt*tttt**t*
SUBROUTINE SMOOTH (T, PR, PS, PDOT, NUMS, DELTAT)
COMMON /CNTROL/ ILENGT, NS, NE
* DOUBLE PRECISION COFF (35)
DIMENSION POINTS (35), T (2048), PR (2048), PS (2048), PDOT (2048)
DIMENSION LIN (2048)
Clttttttttttttttttttttt*t*tttt*tt##tt**###t#tinllttt**#*t#tt*t##ttt##*#*#*
C Version: 3.0, January 1992
C




Written by: William Oberle, U.S. Army Research Laboratory

Purpose: This subroutine will smooth closed bomb data and calculate
the derivative from the 3rd data point until the maximum
pressure is reached. This subioutine uses a second degree
least squares polynomial fit with a variable bridge length.

The bridge length is automatically determined and is equal

to the minimum number of points that are in a pressure window
about one of the data points with the window being 10% of the
maximum pressure. However, the range of the bridge is between
5 and 35. The program also uses a shrinking bridge to avoid
smoothing beyond Pmax. The work is based upon earlier work
by J. Domen and W. Lippencott.

C*************#‘****‘**#**##t*******#*#*************#*******************

Crerrmrsknmrsntrs NOW THE SMOOTHING IS PERFORMED *# %k aokk ok ok ook k
btk koo ko ko ook ook kol Ak ok o ok ko
IF (NUMS .EQ. 0) GO TO 1000
DO 1010 I = 1, NUMS
WRITE (*, 6000) II, NUMS
6000 FORMAT(’ ',’PROCESSING: Smoothing Pass ’,I2," of *,I2,".")
CRm bk ok bk ok ok R ROk ok KoKk Rk ok ok
CH¥xiknsmnsnsssssk EACH POINT IS DONE AS A WEIGHTED AVERAGE **#*#*#kukikbk
CH¥wkkknnkikknimkkknkhkisis OR CONVOLUTION ##tkk s sk ookt ke ek
ks sk ook ok ok bk o ok ok R R R o ok ok
Craxusirixsis THE FIRST AND LAST TWO POINTS ARE NOT SMOOTHED *####¥uiwx
ook ok ko sl o oo sl ook o ol ok ok ook
LASTL =0
PS (NS) = PR (NS)
PS(NS+1)=PR(NS + 1)
PS(NE-1)=PR(NE- 1)
PS (NE) = PR (NE)

Cramkkdohok kR ko ook RNk ok ok bk A kR Rk ok Rk kb ok

Crrkkkkkbdbiknkkkkk NOW THE REMAINING DATA POINTS esteskok s skt ac ok sk s ok s e ook o sk o ok

C***#*ttt###*t#**t##*“*‘##*#******#***#*****#*#*#*****##**#t*ttlltllllll*##

DO 10201 =NS+2,NE-2
C&tttttt**tt#*#*t****t&*t*#*tt#**tll**t*ttlﬂtt*ll#ttt*tt**ttt&t*#lﬂrtt#*t***
C The pressure window (DELTP) is determined. it is 10% of the maximum
C pressure and it will be used to determine the bridge length.
C#ttttv###t#**tttlﬂl##ttt*t#tt*t#t*t*t*****t****t****t**#**#*t******tt*t#

DELTP = 0.1*PR (NE)
C*t#t***tttt*i*t##*#t‘t#t‘*#*‘##*‘#tttt###t#‘t*ttttt#tt*t*#ttttt#***t*#t
C  First, the bridge length is determined. It's length will
C  deperd upon the number of pressure points with in the
C  pressure interval DELTP. PTOP is the upper limit of the
C interval. PBOT is the lower limit of the interval.
Ctt‘t“‘*‘*t*ttt**ttltt*“#*#**#t**‘#*##t*t#*t#*t**t*t#**&t#tttt***&tt#t

IF (ILENGT .GT. 0) THEN

oloNoloNoEoNeReEoRoRolo e Ke!
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LENG = ILENGT
GO TO 1030
END IF

C*******#*#*t#t*#***#***************t**************************t***i****
Ct*‘***********t*t#** FI‘OATING BR“X}E 2k 3 2 afe 2 ake e ae 2 o o 2 ol 2 3 afe 2 3 ofe abe e a3 s ke ae o e ol ofe e e ak ok
(C ek e abosk oo e e o oo sl o e o o e 20 3 o e oo e e e b o o e i o ke e ok o e o deale s e sl o o o o o ool s o e o e ok sk ok ok

LEN = 17
DO 1040 J = 2, 17
ITOP =1+
IF (ITOP .GT. NE) GO TO 1050
IBOT=1-J
IF (IBOT .LT. NS) GO TO 1050
DELTA = PR (ITOP) - PR (IBOT)
IF (DELTA - DELTP .GT. 0.0) THEN
LENGTH = MAXO0 (J - 1, 2)
GO TO 1060
END IF
1040  CONTINUE
1050  CONTINUE
LENGTH = MAXO0 (J - 1, 2)
1060  CONTINUE
LEN = MINO (LENGTH, LEN)
LENG = LEN*2 + 1
1030  CONTINUE
1070  CONTINUE
ISTART ={ - (LENG - 1)f2)
IF (ISTART .LE. 0) THEN
LENG = LENG - 2
GO TO 1070
END IF
1080  CONTINUE
IEND =1 + (LENG - 1)/2)
IF (IEND .GT. NE) THEN
LENG = LENG - 2
GO TO 1080
END IF

C#**ﬁ**#**#*#‘*‘###***#*&t***#*#**#*&#t***##*#*******t****#***#*****#*#‘

C#*#*#t#*****#‘*##*****# THE DATA POINT IS SMOOTHED a0 e o e o ol ae o s o e o e e e ok ke ke

Ct*#*#‘lllﬁ‘*llll***llll**ll#t**#t*t#**t**#**#***‘**‘Hlltt#t#*#*****#**#*#t#*****

Chxssnssrrs COEFFICIENTS ARE OBTAINED FOR CORRECT LENGTH *####sxkkkkknd
T e T T T TP T T TR e T T e T

IFLAG =1

LIN (I) = LENG

IF (LENG .EQ. LASTL) GO TO 1090

LASTL = LENG

CALL ARRAY (IFLAG, LENG, COFF)

Ctt*t*tlllll"tttt&#t*t*tt*#vttt*ttt##‘tt********tlv#*#tt#tt**#***tt###&*ttt
Ceessxuss Now the points are placed in the array Point. #*#¥*ssduksdbbss
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Ct*******#**************************************************************

1090 CONTINUE
NN =1
DO 1100 I1 = ISTART, IEND
POINTS (NN) = PR (11)
NN=NN+1
1100 CONTINUE

Ceoiokakeskokdedkok o oo ks b o ol d ool s o e ol e e o ok ool sl sl oo g o ol o o oo o o e ol o e e s o b e e o ok ok s e s ok ok ke

CHrxrnkukhrsssnsrss THE CONVOLUTION IS COMPUTED *% koo ook ook ok o e
fonl e T e P
CONVOL = 0.0
DO 1110 12 = 1, LENG
CONVOL = COFF (12)*POINTS (I2) + CONVOL
1110 CONTINUE
PS (I) = CONVOL
1020 CONTINUE
DO 11201 = NS, NE

PRD=PS (D)
1120 CONTINUE
1010 CONTINUE

C skt skake e s e e s e ae ol ae s e ae ol o oo e ae o ool ale o e ale sl sl o o o o oo o sl o o o oo ke ae o oo o e e sl e ae ol e sl ok ae ok o o e ok

C****************** TI-[E DERIVATIVE Is COMPUTED e e 2 afc 2o 2 2 e N aje e ahe afe ale afe 2fe e afe afe abe e ok afe e ok
C**********#**#***********#************#***##**************#***llll**ll#ll*ll
1000 CONTINUE
IF (NUMS .EQ. 0) THEN
DO 1130 I = NS, NE
PS (I) = PR (I)

LIN() =5
1130 CONTINUE
END IF

Ct###*#il’#t*#**#*****************ll*ltlllullIOl*t#*#***#t**&*******#**#*#**‘***

Crwwswsxsss dp/dt will be in units of million MPa/sec ****skskvmnsnsvus
C#********tt*‘*#***ﬁ#i*#i*lt***ll*i‘*ll#&*****#*‘l*ll*#***t**t#***t*##**#*#‘*

C##xsxxx FIRST AND LAST TWO POINTS ARE FORWARD & BACKWARD DIFF#####ksss
(e o o A R b

PDOT (NS) = ((PS (NS + 1) - PS (N§))/1000.)/((T(NS + 1) - T (NS))*1000.)

PDOT (NS + 1) = ((PS (NS + 2) - PS (NS + 1))/1000.)/((T(NS + 1) - T (NS))*1000.)

PDOT (NE - 1) = ((PS (NE - 1) - PS (NE - 2))/1000.)/((T(NE - 1) - T (NE - 2))*1000.)

PDOT (NE) = ((PS (NE) - PS (NE - 1))/1000.)/(T(NE) - T (NE - 1))*1000.)

IFLAG =2

LASTL =0

DO 11401 =NS +2,NE -2

C‘*ﬂl**‘t‘**#t#t‘##‘##i#tt‘t&‘**#l’**&*i#tt*##*t‘**‘l*‘.“*tt*‘t‘ttttt&ttt
Ct*t‘**i**t‘*“#t#*‘ THE CONVOLU'I'ION IS COMPUTED ###%sskbissbsbbbbbbbbbsd

Ct*t‘tltit*“t*‘&*‘t#‘t“ttttttt&&*t**t**#ll**'l#‘l*ll**&l***‘#“*‘t‘ttttttt
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LENG = LIN (1)
IF (LENG .NE. LASTL) THEN
LASTL = LENG
CALL ARRAY (IFLAG, LENG, COFF)
END IF
MOV = (LENG - 1)/2
ISTART =1 - MOV
IEND =1 + MOV
NN=1
DO 1150 II = ISTART, IEND
POINTS (NN) = PS (II)
NN =NN+1
1150 CONTINUE
CONVOL =00
DO 1160 11 = 1, LENG
CONVOL = COFF (ID*POINTS (1) + CONVOL
1160 CONTINUE
PDOT (I) = (CONVOL/1000.)/(DELTAT*1600.)
1140 CONTINUE
RETURN
END

C*****##**#*t****l**‘*itt**#*#*tt#tt*t***t*****t*#**#*******#**##*&****

C***#********#***#*i# SUBROUTINE ARRAY e ok 26 2 ake e a5 o o e a3 e aje e o ade a o ake o ak o o e o ok o ade ok
C*‘***#**‘**t#***#*‘**ti#t****#*i****t***‘*****#*#**tt***#**#*******#*#

SUBROUTINE ARRAY (IFLAG, LENGT, COFF)

CHARACTER*7 FILENM

DOUBLE PRECISION COFF (35)

DO 10001I=1,35
COFF () = 0.0

1000 CONTINUE

IF (IFLAG .EQ. 1) THEN
IF (LENGT .EQ. 5) FILENM = 'S5.CFF’
IF (LENGT .EQ. 7) FILENM = 'S7.CFF’
IF (LENGT .EQ. 9) FILENM = 'S9.CFF’
IF (LENGT .EQ. 11) FILENM = 'S11.CFF'
IF (LENGT .EQ. 13) FILENM = 'S13.CFF'
IF (LENGT .EQ. 15) FILENM = 'S15.CFF’
IF (LENGT .EQ. 17) FILENM = 'S17.CFF'
IF (LENGT .EQ. 19) FILENM = 'S19.CFF’'
IF (LENGT .EQ. 21) FILENM = 'S§21.CFF'
IF (LENGT .EQ. 23) FILENM = '§23.CFF'
IF (LENGT .EQ. 25) FILENM = 'S25.CFF’
IF (LENGT .EQ. 27) FILENM = '§27.CFF'
IF (LENGT .EQ. 29) FILENM = 'S29.CFF'
IF (LENGT .EQ. 31) FILENM = 'S31.CFF'
IF (LENGT .EQ. 33) FILENM = 'S33.CFF'
IF (LENGT .EQ. 35) FILENM = 'S§35.CFF'
OPEN (UNIT = 11, FILE = FILENM)
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1020

REWIND (UNIT = 11)
DO 1010 I = 1, LENGT
READ (11, *) COFF (I)

1010 CONTINUE

CLOSE (UNIT = 11)
WRITE (*, *) 'Using file: ’, FILENM

RETURN

END IF
IF (IFLAG .EQ. 2) THEN

IF (LENGT .EQ. 5) FILENM = 'D5.CFF’

IF (LENGT .EQ. 7) FILENM = 'D7.CFF’

IF (LENGT .EQ. 9) FILENM = 'D9.CFF’

IF (LENGT .EQ. 11) FILENM = 'D11.CFF’
IF (LENGT .EQ. 13) FILENM = 'D13.CFF’
IF (LENGT .EQ. 15) FILENM = 'DI15.CFF’
IF (LENGT .EQ. 17) FILENM = 'D17.CFF’
IF (LENGT .EQ. 19) FILENM = 'D19.CFF’
IF (LENGT .EQ. 21) FILENM = 'D21.CFF’
IF (LENGT .EQ. 23) FILENM = 'D23.CFF’
IF (LENGT .EQ. 25) FILENM = 'D25.CFF’
IF (LENGT .EQ. 27) FILENM = 'D27.CFF’
IF (LENGT .EQ. 29) FILENM = 'D29.CFF’
IF (LENGT .EQ. 31) FILENM = 'D31.CFF’
IF (LENGT .EQ. 33) FILENM = 'D33.CFF’

IF (LENGT

.EQ. 35) FILENM = 'D35.CFF’

OPEN (UNIT = 11, FILE = FILENM)
REWIND (UNIT = 11)
DO 1020 I = 1, LENGT
READ (11, *) COFF (I)
CONTINUE
CLOSE (UNIT = 11)
WRITE (*, *) 'Using file: ', FILENM

RETURN

END IF
RETURN
END

Cttttlttl#*i*t***ﬁ"*“*‘*#****&**&*#t&t“tt*ttt*t****#t*&**t'*#**#*‘**
Ct*t*i***‘t&#ii“**‘* SUBROU‘]‘]N’E CLEAR Ao N o s o e e s alm a al al o le o abe a al a e 0 ol e
Ct*‘i&ltti‘i#tt.‘*.‘*‘**‘#‘*“‘*t##*t*#*&&t*t#*t‘#*‘*t‘*‘t‘t#t*ttttt**t

SUBROUTINE CLEAR
CHARACTER ST*4
DATA ST/' (2)'/
WRITE (*, 6000) ST
6000 FORMAT (1X,A4)
RETURN

END

C‘tt‘t“iti‘li.t*tttttttl‘t‘t*.t‘*‘***“l‘tlltltlllllltt‘*t‘t#‘t“#t‘#‘i**‘l

SUBROUTINE PL88LG (X, Y. NPTS, XAXISH, YAXISH, TITLEH, MODEL)
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COMMON /GRAPH/ STARTI, START2, DELTAI, DELTA2
DIMENSION X (2050), Y (2050)
CHARACTER?*20 XAXISH, YAXISH
CHARACTER*40 TITLEH
CHARACTER*20 YAXISL
CHARACTER®*40 TITLE
CHARACTER®*20 XAXISL
CHARACTER®*1 TITA (40), XAXISA (20), YAXISA (20)
XAXISL = XAXISH
YAXISL = YAXISH
TITLE = TITLEH
DO 10001 =1,20
Ki=21-1
IF (XAXISA (KI) .NE. ' ) GO TO 1010
1000 CONTINUE
1010 CONTINUE
NXA = KI
DO 10201 =1, 20
Kil=21-1
IF (YAXISA (K}) .NE. ' ') GO TO 1030
1020 CONTINUE
1030 CONTINUE
NYA = Kl
DO 10401 =1, 40
KI=41.1
IF (TTTA (KI) .NE. ' ') GO TO 1050
1040 CONTINUE
1050 CONTINUE
NTA = KI
WRITE (*, 6000)
WRITE (*, 6010)
6010 FORMAT('O DO YOU WISH TO HAVE A HARDCOPY? ( 1 FOR YES,0 FOR NO)")
READ (*. 5000) ICYN
5000 FORMAT(1!)
6000 FORMAT('O STRIKE ENTER WHEN FINISHED WITH PLOT")
CALL PLOTS (0, 97, 97)
CALL FACTOR (1.0)
HT = .25
CALL PLOT (2.50, 1.50, - 3)
XT =25 - HT*5./8.*.5*NTA
CALL SYMBOL (XT, 5.6, HT, TITLE, 0., NTA)
C CALL SCALE(X.5.00,NPTS,1)
C CALL SCALE(Y,S.00,NPTS.,1)
X (NPTS + 1) = STARTI
X (NPTS + 2) = DELTA1
Y (NPTS + 1) = START2
Y (NPTS + 2) = DELTA2
CALL STAXIS (.25, .25, .111, .112, 2)




CALL AXIS (0., 0., XAXISL, - NXA, 5.00, 0., X1 (NPTS + 1), X (NPTS + 2))
CALL STAXIS (.25, .25, .111,.112, - 1)
CALL AXIS (0., 0., YAXISL, NYA, 5.0, 90., Y (NPTS + 1), Y (NPTS + 2))
CALL LINE (X, Y, NPTS, 1, 0, 0)
CALL PLOT (0.0, 0.0, 999)
IF ICYN .EQ. 0) GO TO 1060
CALL PLOTS (0, 1, MODEL)
CALL FACTOR (1.0)
HT = .25
CALL PLOT (2.50, 1.50, - 3)
XT = 2.5 - HT*5./8.*.5*NTA
CALL SYMBOL (XT, 5.6, HT, TITLE, 0., NTA)
C CALL SCALE(X,S.00,NPTS,1)
C CALL SCALE(Y,5.00.NPTS,1)
CALL STAXIS (.25, .25, .111, .112, 2)
CALL AXIS (0., 0., XAXISL, - NXA, 5.00, 0., X (NPTS + 1), X (NPTS + 2))
CALL STAXIS (.25, .25, .111, .112,- 1)
CALL AXIS (0., 0., YAXISL, NYA, 5.0, 90., Y (NPTS + 1), Y (NPTS + 2))
CALL LINE (X, Y, NPTS, 1, 0, 0)
CALL PLOT (0.0, 0.0, 999)
1060 CONTINUE
RETURN
END
Cll‘*‘***##tﬁttt##**ll*llll‘******lrll‘#***###******#*********t#**#***********
SUBROUTINE PL88OP (X, Y, Z, NPTS, XAXISH, YAXISH, TITLEH, MODEL)
COMMON /GRAPH/ START1, START2, DELTA1, DELTA2
DIMENSION X (2050), Y (2050), Z (2050)
CHARACTER*20 XAXISH, YAXISH
CHARACTER*40 TITLEH
CHARACTER*20 YAXISL
CHARACTER*40 TITLE
CHARACTER*20 XAXISL
CHARACTER*1 TITA (40), XAXISA (20), YAXISA (20)
XAXISL = XAXISH
YAXISL = YAXISH
TITLE = TITLEH
DO 10001=1,20
KI=21-1
IF (XAXISA (KI) .NE. ' ') GO TO 1010
1000 CONTINUE
1010 CONTINUE
NXA =KI
DO 10201=1, 20
KI=21-1
IF (YAXISA (KI) .NE. ' ') GO TO 1030




1020 CONTINUE
1030 CONTINUE
NYA =Kl
DO 10401 =1, 40
KI=41-1
IF (TITA (KI) .NE. ' *) GO TO 1050
1040 CONTINUE
1050 CONTINUE
NTA =KI
WRITE (*, 6000)
WRITE (*. 6010)
6010 FORMAT(’O DO YOU WISH TO HAVE A HARDCOPY? (1 FOR YES, 0 FOR NO)")
READ (*, 5000) ICYN
5000 FORMAT(1)
6000 FORMAT('O STRIKE ENTER WHEN FINISHED WITH PLOT")
CALL PLOTS (0, 97, 97)
CALL FACTOR (1.0
HT = .25
CALL PLOT (2.50, 1.50, - 3)
XT = 2.5 - HT*5./8.* 5*NTA
CALL SYMBOL (XT, 5.6, HT, TITLE, 0., NTA)
CALL SCALE(X,5.00,NPTS.1)
CALL SCALE(Y,5.00,NPTS,1)
CALL SCALE(Z,5.00,NPTS,1)
X (NPTS + 1) = STARTI
X (NPTS + 2) = DELTAI
Y (NPTS + 1) = START2
Y (NPTS + 2) = DELTA2
Z (NPTS + 1) = START2
Z (NPTS + 2) = DELTA2
CALL STAXIS (.25, .25, .111, .112, 2)
CALL AXIS (0., 0., XAXISL, - NXA, 5.00, 0., X (NPTS + 1), X (NPTS + 2))
CALL STAXIS (.25, .25, .111, .112,- 1)
CALL AXIS (0., 0, YAXISL, NYA, 5.0, 90., Y (NPTS + 1), Y (NPTS + 2))
CALL LINE (X, Y, NPTS, 1,0, 0)
CALL LINE (X, Z, NPTS, 1,0, 0)
CALL PLOT (0.0, 0.0, 999)
IF (ICYN .EQ. 0) GO TO 1060
CALL PLOTS (0, 1, MODEL)
CALL FACTOR (1.0)
HT = .25
CALL PLOT {2.50, 1.50, - 3)
' XT = 2.5 - HT*5./8.* 5*NTA
CALL SYMBOL (XT, 5.6, HT, TITLE, 0., NTA)
C CALL SCALE(X,5.00,NPTS,1)
C CALL SCALE(Y,5.00,NPTS,1)
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C  CALL SCALE(Z.5.00,NPTS,1)
CALL STAXIS (.25, .25, .111,.112, 2)
CALL AXIS (0., 0., XAXISL, - NXA, 5.00, 0., X (NPTS + 1), X (NPTS + 2))
CALL STAXIS (.25, .25, .111, .112, - 1)
CALL AXIS (0., 0., YAXISL, NYA, 5.0, 90., Y (NPTS + 1), Y (NPTS + 2))
CALL LINE (X, Y, NPTS, 1, 0, 0)
CALL LINE (X, Z, NPTS, 1, 0, 0)
CALL PLOT (0.0, 0.0, 999)

1060 CONTINUE

RETURN

END




APPENDIX K:

LISTING - PROGRAM MKCAL.FOR



INTENTIONALLY LEFT BLANK.



PROGRAM MKCAL
C

(C kel e o b e e o o e o b s o e ol s e o ol a o o o e o o e o o oo e o o e ool o o b o s o ol o ol e o ol ale o e ol o ke s ol e e ol sk ok ol o o
Ceeke

C** "CLBCPV" = CLosed-Bomb Program with Continuous Property Variations

Cekdek

C» 2 December 1991 Version (with Oberle integrals) DEK

Ckakk

C* MKCAL: VERSION 3.0, CLBCPV + ADDED ROUTINES (30 Dec 91 / Kooker]

C *kkx

C Latest Revisions: 2/10/92; completed ETC option
C hex grain completed

C 2/12/92; Newton-Raphson added
C 2/22/92; Cleanup

(Creskeskeakeate e st ok st s o o o oo b e s e ool ool s o ab oo b e o e o e s ol o ol o o oo oo o ool e o o ol o o ol o o stk e sl o o e e
Crdoedek

COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)

COMMON /ETC/ EE (1000)

COMMON /CONTRL/ NTL, CHVOL, HLFRAC, DT, NMAX, CONVRG, ICTYP
COMMON /FIXED/ CH1, CH2, CH3, CAPEO, QWMAX, PCHAMX

COMMON /SUMS/ SH1, SH2, SH3, SH4

COMMON /NVALUE/ RHOSRN, ASURN, DPTHBN, TPMRGM

COMMON /SOLUT/ TIME (1000), PCH (1000), RBR1 (1000), TPMR (1000), SMS (1000), RHOS
1 (1000), TCH (1000), DPTHB (1000), ASUR (1000), LYR (1000)

COMMON /SCALE/ RHOSTR, TRSTR, PRSTR, RBRSTR, VOLSTR, SURSTR, ELSTR
1 , SMSSCL, CVRSCL, SERSCL, TIMSCL

COMMON /SOLIDL/ SMSOL (15), XI (15)

COMMON /AVEPROP/ RHOSAYV (15), SESOAYV (15), SBCGAYV (15), RGCGAV (15),
1 CVCGAV (15)

COMMON /IGNITOR/ SMSIG, SESIG, RHOSIG, WTMIG, SBIG, RGIG, CVIG
COMMON /AIR/ SMSA, WTMA, SBA, RGA, CVA

COMMON /METH/ IMOD

CHARACTER A1 (20)*20, A2 (6)*80, FINF*20, NAME1*20, A*1

(C kst skeateate s o st s e o b o o e o e o o e ol e ae o e o e o b ok o o o o o s e oo o o ol e ae s ool e s o e o ok e sk sl e ol s sl e ok s ol ook
Chkkn

CONVRG = .00001
IMOD = 1
IQRE =0
1000 CONTINUE
CALL CLEAR
WRITE (*, 6000)
6000 FORMAT(////,10X, Enter file name for the calculation.’)
READ (*, 5000) FINF
5000 FORMAT(A20)




IF (FINF .EQ. '10") THEN
CALL CLTAR
WRITE (*, *) 'ENTER THE CONVERGENCE CRITERIA’
WRITE (*, *) "THE DEFAULT VALUE IS 1.E-5’
READ (*, *) CONVRG
GO TO 1000
END IF
IF (FINF .EQ. '11") THEN
IQRE = 100
CALL CLEAR

(ot ek oke e o ok o s e o e s e e e ol oo s ol ol e ale ol o e o e o e o e sl e o e e oo e o s o e ok e o ool ook o o e e ae sk ol ol e ok ol ok e

C****************** DEFAUI"]" IS IN'TEGRALS e 2 afe e o o 2 3 3 3 3 2o 2 o e abe e 2k ok e abe 3 ok o e o e o ok
Ctt***********t*****#**##‘**t*******#**‘***llt*************************ll

WRITE (*, *) Do you wish to use the integrals instead of”
WRITE (*, *) 'the fixed values? (Yes = 1, No = 2) Enter your choice’
READ (*, *) ICONVR
IF (ICONVR .EQ. 2) THEN
WRITE (*, *)’ Enter a 1 if the grain has only one larger, else a 2.’
READ(*,*)ISRS
ELSE
ISRS = 0.0
END IF
GO TO 1000
END IF
IF (FINF .EQ. '12’) THEN
CALL CLEAR
WRITE (*, *) 'For homogeneous grains the search for the depth’
WRITE (*, *, 'burned can be performed using two methods.’
WRITE (%, *) '’
WRITE (*, *) '1. Bisection method: will always converge but slower’
WRITE (*, *) '2. Newton-Raphson method: faster than bisection’
WRITE (*, *) '’
WRITE (*, *) 'Select desired method’
READ (*, *) IMOD
GO TO 1000
END IF
NAMEI1 = FINF
1010 CONTINUE
DO 10201=1,17
A = NAMEI1 (L)
IF (A .EQ.'.") THEN
CALL CLEAR
WRITE (*, *) 'The file name entered has an extension which is’
WRITE (*, *) 'not allowed. Please enter a new name without *
WRITE (*, *) 'an extension.’
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READ (*, 5000) NAME1
GO TO 1010

END IF

IF (A .EQ. ' ') THEN
NAMEI1 (Il + 3) = ".inf°
FINF = NAME]1
GO TO 1030

END IF

1020 CONTINUE

1030 CONTINUE
OPEN (UNIT = 12, FILE = FINF, STATUS = 'OLD’, ERR = 1040)
GO TO 1050

1040 CONTINUE
WRITE (*, 6010)

6010 FORMATY(//,10X,’ An Error Has Occurred in Opening the File!’
1/,10X,’The File Most Likely Does Not Exist. Try Again’)
PAUSE
GO TO 1000

1050 CONTINUE
REWIND (UNIT = 12)

C*!ll*#*ttt#**********#tt****************t********************************

C**#***#**‘ READING INFORMATION HLE FOR COM’PU’I‘ATION e s e 2fe a2 2 afe 2fe afe afe e e de s 3 sl afe afe
C**#******##**********#‘#**************#*************************#******
DO 10601=1,6
READ (12, 5010) A2 (I)
1060 CONTINUE
5010 FORMAT(A80)
DO 10701 = 1, 20
READ (12, 5000) A1 (I)
1070 CONTINUE
DO 10801 = 1, 100
READ (12, *) A3 (I)
1080 CONTINUE
DO 10901=1, 11
DO 1100J=1,15
DO 1110K=1,5
READ (12, *) PX (1, J, K)
1110  CONTINUE
1100 CONTINUE
1090 CONTINUE
CLOSE (UNIT = 12)
A3 (100) = 0.0
. IF (IQRE .EQ. 100) THEN
A3 (31) = ISRS
END IF

C*#“*‘#*ll*****#llltl"ll’Clltllll***********t************##**************#*#*#***

b a3 e o e e o e o e o e e o o 2 o o ok S T) e ke ok e xk o a ol e b e o o e ade e e o ade o e e o ke o
E
Coeateskeateate s g st s o b ok b ac e o s o oo b o o o seaf oo o e o oo b o sl e o o b o s ol o e o b oo sl oo oo o e o o o ol st ol e ok o o ok

273




OPEN (UNIT = 11, FILE = Al (10), STATUS = 'NEW’)
C

C**ﬁ*t#*#**t#&t**##it*t***tt****t*****************************#*****t***
C*****

Crsx 7 10 20 30 40 50 60 702

C Nk
Ct******t#t*#tt*l*******&t**#**#****************************************
C**#*t

Crexkvrndrk Define Reference Quantities for Non-Dimensional Scaling ***

C*#**‘
C******************lll*!ll#*##***l*t*#**#***##***#******#*&***********#*iulnt*

Chkkkk

C****x RHOSTR (g/cm3) = reference value of DENSITY
C**
RHOSTR = 1.0
C**
CH*#+x+ YOLSTR (cm3) = reference value of VOLUME (usually = chamber volu
Cme)
C**
VOLSTR = 300.0
C**
C###ik EJ STR (cm) = reference value of LENGTH
C**
ELSTR = VOLSTR**(1./3.)
C*l&
C***x* SURSTR (cm2) = reference value of SURFACE AREA
C#‘
SURSTR = ELSTR*ELSTR
Cll"ll
C**x¥* TRSTR (deg K) = reference value of TEMPERATURE
C*t
TRSTR = 3000.0
C**
CHw*xx PRSTR (MPa) = reference valuc of PRESSURE
Ctt
PRSTR = 100.0
C*l‘r

C#*#‘l**‘l**t***###*#ttt*t*#****t*****************************************
C***#*

C*###************‘**#**# Form Scale Factors e abe e 2 e e 2 ke o e e o e 3 o ok o e o a e ade o e o ol e ke
Ct****
Cll‘*‘t“““t‘#*#*‘#ti#*#*t‘tt##*tt#tt**&t*t**t*******#t***********###‘

Cllll#ll# -
Ceessx SMSSCL (gm) = scale factor for MASS
Ctt
SMSSCL = RHOSTR*VOLSTR
L

C#++»+ SERSCL (cal/g) = scale factor for ENERGY DENSITY
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ek
C“ SERSCL = PRSTR/(4.184*RHOSTR)
g::*“ CVRSCL (cal/g-deg K) = scale factor for SPECIFIC HEAT
C“ CVRSCL = SERSCL/TRSTR
g::"'** RBRSTR (cm/s) = reference value for RATE
C" RBRSTR = SQRT (1.0E+07*PRSTR/RHOSTR)
g::*** TIMSCL (mil-sec) = scale factor for TIME
¢ TIMSCL = (ELSTR/RBRSTR)*1000.0

Crteseamaenkabeabs bk ok b sl oh ol ok o e st e sfeae oo oo oo e ok o e o s i o ol abea s b o b e e s sl o e ol ol o oo e e o e e ke e e o sl e ek
Cekkkk

C** IMPORTANT NOTE: It is assumed here that all dimensional "PX" quantit

Cies *

C** have been loaded into the array at this point

C *
C**********#**t*#***#**t****************#*******************************
Ctt***

CALL SETVAL
C**#*****#***t*********tt#*#*t*****************#*********t**************
Cttt**

C‘********‘*** Set Average Pmmnies Acmss Each Layer e afe 2k i afe afe ade afe afe obe 2 ok 2 ol o
Ct***#
Ct*******#***###******#***t*t*t***************************t****t********

Crdbkk

DO 11201 =1, NTL
RHOSAYV (1) = (PX 4, 1, 3)/PX (8, I, 3))/RHOSTR
SESOAV (I) = (PX (11, I, 3)/PX (8, I, 3))/SERSCL
SBCGAV (I) = (PX (6, I, 3)/PX (8, I, 3))*RHOSTR
RGCGAV (I) = (PX (9, 1, 3)/PX (8, 1, 3))/CVRSCL
CVCGAV () = (PX (10, 1, 3)/PX (8, 1, 3))/CVRSCL
1120 CONTINUE

O kb oo oo o s ol o oo ko o o o sl o ookl s e e o
Chekns
CHbrbhbbkkhkkkbbkkkkbnk Form CONSLANLS * %k %ok ek stk o e b e ok
Chesex
el L T T PR P P e e e e T
CHhe¥s
Ce+

CH1 = CHVOL - SBIG*SMSIG - SBA*SMSA
O+

CH2 = RGIG*SMSIG + RGA*SMSA
C*+
CH3 = CVIG*SMSIG + CVA*SMSA




C**

C##*t*#**#***********************************#**’k***************#*******
CHrdekx

C**xxx Compute Total Propellant Mass in Chamber at Initial Condition ***
C**#tt

Crasdkumknkpnsnssnknis (Does NOT Include Ignitor Mass) *+kkkiokioksoksokioksoku
CHeknk
Ok ok ok ok kool ok ks itk ook ok ok ok ool koo ook ok Kok ook bk o ok o

Chrkak

SUMI = 0.0
DO 11301 =1, NTL
SUMI = SUMI + SMSOL (I)
1130 CONTINUE
C
TPMR (1) = SUMI

C**t#t***##***t******#***t**#******************************#*********#**
C**t**

CHsddaxx Compute Total Energy in Chamber at Initial Condition **¥#k

C##*#*

C**t#***#*****##***** (lncludes Igﬂitor Energy) e 2k ke 2k 2be ok 3k e aje 2l 2e 2 o abe e e 3 2je e e A e e e
C*****
Ctt**************lﬂkt******t********************************************#
C*#***

SUMI = 0.0
DO 11401 =1, NTL
SUMI = SUMI + SESOAV (I)*SMSOL (I)
1140 CONTINUE
C
CAPEO = SUMI + SESIG*SMSIG

C**#************************##*******&#***************************#*****

Chkkkk

C#*s#ewsx COMPUTE MAXIMUM HEAT LOSS FROM CHAMBER Based on "HLFRAC" **%*x
Cremk

(e b aeake s o o ae sl e ae e ae ol o o ol o o oo e o o ke ol o ol ol ol o o o ool o o o ke o o o sk e o ae b oo ae o e o ol sk e ol b o ol ook

Chdskk

C*#*‘*#***‘t‘#‘*** ASSUME ALL PROPELLANT IS CONSUMED *#%% ks koo k
C#*t*#

Cewewewsrexs Set Value of "Xi" = 0.0 for Each Layer (bumcd) ***s*sssss
C*‘I**

Cemskdeabodkakkdokobok kb e e ook e IXi=(SMS/SMSO)i] e ae a2 o e e o s e o o o e o e o ol ke o b a2 ae e ok o ok

Cemnn

(C it s ot e o e o ool e s ol o ol ol o b o o al ool o ol ool ol a ol a0 o o o o o oo o o ol sl ol o o o ol o ol ool ol ook ol oo ok

Cr¥sex -

DO 11501 = 1, NTL
XI()=00
1150 CONTINUE

C*“#‘*‘l‘“‘tt#“‘i‘tt*ttt&*tt‘##*t*t*#t#**t#t****#tt*#*#*tttttl‘#‘**tt#
C“‘l‘*

276




Cr#uwwixik Compute Sums Which Remain Constant in Layer "J" (=NTL) #¥¥¥xxx*
Crerks

Cx*** CALL SHEVAL (JNNTL) [SH1,SH2,SH3,SH4 returned in COMMON/SUMS] *
Chbhkk
(Ot et ekl kol ke ook R R R e AR

Chbkkk

C
CALL SHEVAL (NTL, NTL)
C

Crekdokabok s sk e ok o sk s ool sl o s e ol ol 2 o o e e e e ae s e sl ool e ol oo o o o o ol o oo ol s e s e ol ook s ok sk e ak
Corkek

C** Set average property values to the last "n-th" layer which will be "
CNTL"
C

AMCVCG = SMSOL (NTL)*CVCGAYV (NTL)

AMSBCG = SMSOL (NTL)*SBCGAYV (NTL)

AMRGCG = SMSOL (NTL)*RGCGAYV (NTL)
C
C*** Compute theoretical maximum chamber temperature "TCHTMX"
C [the relationships below assume that XI = 0.0]
C*t#*llll#lil**llll*#**ll*****#*******#*#t**#*t**************t*t*#*t**t********
Cesskdinrnrnkss ETC COMPUTATION: ADD TOTAL ELECTRICAL ENERGY #*%#*###kkkhk
C¥sndadihunsss TO HEAT LOSS FACTOR IN COMPUTING THEORETICAL ##### e kkuks
Cosxernndsassik PRESSURE & TEMPERATURE & HEAT LOSS FACTOR ¥*###¥skuuknkk
C*tlllllt*t****ttt****&t*#t*t##*#*#*t**ll#ttt**********t***t*t*t*t*******ll**

IF (ICTYP .EQ. §) THEN

QWN = - A3 (30)*1000000./(4.184*SERSCL*SMSSCL)
ELSE
QWN = 0.0

END IF

TOP = CAPEO - QWN - SH4

BTM = CH3 + SH3 + AMCVCG

TCHTMX = TOP/BTM

C
C*** Compute theoretical maximum chamber pressure "PCHTMX"
C
TOP = TCHTMX*(CH2 + SH2 + AMRGCG)
BTM = CH1 - SH1 - AMSBCG
PCHTMX = TOP/BTM
C

C*** Compute maximum chamber pressure WITH heat loss - "PCHAMX"
Ctttttttttttttthﬂltttttt*t‘tt&tttttt##&tttttt**#&tttt#ttt#ttt#tttttlﬂlt*
C&&tt‘tt&tt‘tt PCHAMX WILL BE OBSERVED MAX PRESSURE (2222 LIl 111323}
Chesetssssssss EXCEPT FOR OPTION 2 & 4, PRESSURE GENERATION ####ssussis
(oL Ll LAl L a Ll L) ASSUM[NG PCHTMX IS IN SCALED UNITS LI 2 AT T2 T 12 ER )
C&*tt‘tttttt‘t‘tttttttttitttttt#ttttttttttt#tttt&&ttt**t*ttttttttt#tttt

CALL CLEAR

IF (ICTYP .EQ. 1) .OR. (ICTYP .EQ. 3) .OR. (ICTYP .EQ. §5)) THEN
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HLFRAC = 1. - A3 (43)/(PCHTMX*PRSTR)
WRITE (*, 6020) A3 (43), PCHTMX*PRSTR, HLFRAC

6020 FORMAT(///5X,'** Based on the following pressure information:”,
1/,5X,'Observed Maximum Pressure (MPa) value of =’,F20.10,
2/.5X,"Maximum Theoretical Pressure (MPa) value of =’,F20.10,
3//.5X,'the current heat loss fraction is: ',F12.5,
4//,10X,’Enter a different value? (Yes=1, No = 2)")

READ (*, *) ILOSS

IF (ILOSS .EQ. 2) GO TO 1160
ELSE

HLFRAC = 0.0

CALL CLEAR

WRITE (*, 6030)

6030 FORMAT(///.5X, For the pressure generation option (Opt. 2) or’,
1/,5X,’the interrupted bumer option (Opt. 4), a heat loss’,
2/,5X,'fraction must be entered. The heat loss fraction is in’,
3/,5X,’the range of 0.0 to 1.0. For example, a value of 0.1°,
4/,5X,'means 10% of the total energy will be considered lost’,
5/,5X,’as heat to the chamber wall during the calculation.’)

END IF
WRITE (*, 6040)
6040 FORMAT(///.5X, Enter the value for the heat loss factor.’
1/,5X,’A decimal between 0.0 and 1.0%)
READ (*, *) HLFRAC

1160 CONTINUE
PCHAMX = (1.0 - HLFRAC)*PCHTMX

C

C*** Compute maximum chamber temperature WITH heat loss - "TCHAMX"

C

TCHAMX = PCHAMX*BTM/(CH2 + SH2 + AMRGCG)

C

C*** Solve for maximum cumulative hcat loss "QWMAX"

C

BTM = CH3 + SH3 + AMCVCG
Cuwseriss TOTAL HEAT LOSS ADJUSTED FOR ELECTRICAL ENERGY %**¥#%sksusns
IF (ICTYP .EQ. 5) THEN
QWMAX = CAPEO + A3 (30)*1000000./(4.184*SERSCL*SMSSCL) - BTM*TCHAMX
ELSE
QWMAX = CAPEO - BTM*TCHAMX

END IF
Ceesssssssssex LINES ABOVE ADDED TO HANDLE THE ETC CASE ***#*#*sssunuss

C s#ssesuesss | INE BELOW IS THE ORIGINAL CODING *#4ssbhhbsbsssnssssrsns
C QWMAX = CAPEO - BTM*TCHAMX
C

C#&*#*t‘t*‘t&tt&&&*&&‘l*‘ltt“tt‘ttt#ilﬂt&t*&“&it***tt**tt*#lt#‘*‘*t**ttt
Cresns
Ceesssususssses Computc Dimensional Heat Loss Quantitics *#*#sksssunsssu
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(’..‘.‘
C..O.‘t‘0O...‘“‘..‘..tt‘t‘t‘t““t“‘#tt‘ittt#“#‘*‘ttt#*‘&‘****‘#“*#‘

C““‘

C
TMXP = TRSTR*TCHTMX
TAMXP = TRSTR*TCHAMX
PMXP = PRSTR*PCHTMX
PAMXP = PRSTR*PCHAMX
QWMXP = SERSCL*SMSSCL*QWMAX
C
WRITE (11, 6050) PMXP, TMXP, HLFRAC, QWMXP, PAMXP, TAMXP
C
6050 FORMAT(/.SX,' ******* Maximum Chamber Propertics are *%*%*%%’
1/5X."Theoretical Maximum Chamber Pressure (MPa) =", E16.8
2/5X, Theoretical Maximum Chamber Temperature (deg K) =',E16.8
3/5X," **** Assuming a Heat-Loss-Fraction ='F10.3
4/5X,’"Maximum Total Heat Loss from Chamber (cal) =",E16.8
$/SX,"Maximum Chamber Pressure (MPa) w/Heat Loss =",E16.8
6/5X,"Maximum Chamber Temperature (deg K) w/Heat Loss =',E16.8//)
C

C“tt“..t...tt‘ttt‘ttttt‘ttttttt#‘ll‘ltll‘llrtlltt‘#‘l*t****##‘#‘#t##*##**#l**
Ct.t-‘
C....‘&tt.“t.‘..‘.t END OF HE,\T LOSS COMPUTAT[ON e s o e e o o o e e o o o o o o g ok ek

C....‘
C.....ttt.‘.‘.t‘“t"...‘..t‘t“‘ltt.tttt“t‘*‘*tt#t‘&tt“‘**‘**‘tt#‘*#‘

C..“.

Ceeesesreees Set Value of "Xi" = 1.0 for Each Layer (Unbumcd) ***#*****

C..O.‘

Coese08803620083040008088 [X|=(SMS/SMSO)|i LA A2 A2 A2 2222 2 221 Pt t i 2]
CO‘...

Creessssssst st sttt st susbdbu bbbt bbb bty bbb dbbbbbbsdbbhekbbbhhhbnkbbikst

Ceoees
C
DO 11701 = 1, NTL
XIhH=10

1170 CONTINUE

C

C..0.0t..ttttttt‘t.t';ttt.tttt&‘t‘t‘t#ttttttt‘t*tt‘l*tittt##ttt‘tttt‘tlttt

C.O.tt

C
Ceeseesss COMPUTATION CECISION BASED ON VALUE OF "ICTYP" ssssssssssusiss
Cereooee
C

CO‘0.0..t..ttuttt“‘ttt“..t#ttttt‘tttt‘ttttttt‘t#tt‘t#“t‘ttttttt““‘l
Ceeses

Ce*** COMPUTATION OF SYNTHETIC "P-T" CURVE FROM KNOWN BURNING RATES ****
C.moy&

c..0.0.t‘t.t‘.....t.'“...0“““.l‘00‘tt“.t‘t““.t‘tl’““‘..““““l‘
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CHrdak

C

IF (ICTYP .EQ. 2) CALL PTGEN
C

Cll***#ll#***‘**#*‘##*t***‘*t***##*#**‘t**lﬂk**********t***#***********#**#
C*****

C**** COMPUTATION OF BURNING RATES FROM GIVEN CHAMBER "P-T" CURVE ****#+

e ak dk ae d
gt*##i*i***#&t#tt ALSO Sl]RFACE AREA COMPUTAT]ON e 2k e 2k e e o e o ok 2 ol o e e a3 o e afe o e ok e
C‘***t
etk et st b e stk s ook ool oo o ol e ot ool o o o o ol oo o o s e o b o ol s sk o o a ol e ol o o o ol ol ok ol o kol ok e e e
C***##

C
IF (ICTYP .NE. 2) CALL BRRED (A1)
C

(e Ksteske b s sl s e ot o oo e o oo sl o ool e s e ol ool e o b sk ok o o o o e s o o e o oo e b o ol ae sl o o o ok ol sl s ol e e sl ook s e ke

Cresssirrrssnssmriss REWRITING THE .INF FILE *%%% s ook ook dekok
Crhsmatok ok ok ok kR ok ok ok o koo R R R R R
OPEN (UNIT = 17, FILE = FINF)
1180 CONTINUE
DO 11901=1,6
WRITE (17, 6050) A2 (I)
6060 FORMAT(A80)
1190 CONTINUE
DO 12001 =1, 20
WRITE (17, 6070) A1 ()
6070 FORMAT(A20)
1200 CONTINUE
DO 12101 =1, 100
WRITE (17, *) A3 (I)
1210 CONTINUE
DO 12201=1, 11
DO 1230J=1,15
DO 120K =1,5
WRITE (17, *) PX (1, J, K)
1240 CONTINUE
1230 CONTINUE
1220 CONTINUE
CLOSE (UNIT = 17)
CLOSE (UNIT = 11) .
CLOSE (UNIT = 13)
STOP
END

C

Cttt###*tt‘#‘ttt‘*ittlt“tttt*tt**&tttttttt&*&*t**#****t**t*t*#*****#**#

C.“.‘
C.“.‘t#t“‘“#‘#ll‘t#ttttttttttt*t##tltttt*itttt#i**‘tt#*tttt*tt*tt****u

Ct‘#t‘
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CHrkrednkddx END OF "MAIN" CONTROL PPOGRAM a0 20 2 2 o e e 3 o o 2 3o o e o ol o 2 o o e o ol o o o o
Chtkn
(e ok e sl o ol o o ol o e oo oo o oo el o oo ol o o o oo e o ok oo e o o ol e o o o e e o e o o e ol o oo e ol ol ok o e ok o o

Crdoh ek
st seoteoke s st s ok e o o o o oo e b oot oo o o oo ol o o ol o o o b ol ol e ol ol bl ool o ok sl ol ool o ook ok ok de ok ok ok

CHvwsn
C

SUBROUTINE PTGEN
C

(ot o s ok b s o e oo o e o oo o oo oo b o ol oo ol o ol ol oo s o b o o st e sk el ot ol ol bl e sl e st b ok ol e sl e ke
Cesnkk

C** This routine generates chamber pressure as a function of time when
Ctttlﬂl

C** buming rates have been specified in Subroutine BURNRT
C#ttlﬂl
C**‘****‘l*****t*#**#***it#****************#*t#*************#*******#****

Crwnk
COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)
COMMON /ETC/ EE (1000)

COMMON /CONTRL/ NTL, CHVOL, HLFRAC, DT, NMAX, CONVRG, ICTYP
COMMON /FIXED/ CH1, CH2, CH3, CAPEO, QWMAX, PCHAMX

COMMON /SUMS/ SH1, SH2, SH3, SH4

COMMON /NVALUE/ RHOSRN, ASURN, DPTHBN, TPMRGM

COMMON /SOLUT/ TIME (1000), PCH (1000), RBR

1 (1000), TPMR (1000), SMS (1000)
2 , RHOS (1000), TCH (1000), DPTHB (1000),

3 ASUR (1000), LYR (1000)

COMMON /SCALE/ RHOSTR, TRSTR, PRSTR, RBRSTR, VOLSTR, SURSTR, ELSTR
1 , SMSSCL, CVRSCL, SERSCL, TIMSCL

COMMON /SOLIDL/ SMSOL (15), XI (15)

COMMON /AVEPROP/ RHOSAYV (15), SESOAYV (i5), SBCGAV (15), RGCGAYV (15),
1 CVCGAV (15)

COMMON /IGNITOR/ SMSIG, SESIG, RHOSIG, WTMIG, SBIG, RGIG, CVIG
COMMON /AIR/ SMSA, WTMA, SBA, RGA, CVA

COMMON /METH/ IMOD

C**l‘ltlltt##**t******#**#**##*t*#**************#**************************
C**###
C** Begin buring initial (outside) layer: J =1
C
I=1
C

C“‘##*‘#t&#******#***‘#t#‘#tt***##******&*t**##**t********#*********t**
C*#**#

Ce#essnids Compute Sums Which Remain Constant in Layer "J" (z1) #¥#x%**
C“###

C»*+* CALL SHEVAL (J,NTL) [SH1,SH2,SH3,SH4 returned in COMMON/SUMS] *
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Crnkn
ol LD IR DI DERE L P T L T L e e D T D L T TR

Chrknn

C
CALL SHEVAL (J, NTL)
C

C'Nllhlﬂtl!‘l##*l‘"ll‘tt*#tt##t*tt*t&t##*#*##t##*#t#*#tt**#****t*********##**ttt‘
C*#*lﬂi
Ce#wxxxds COMPUTE INITIAL CONDITIONS IN CHAMBER WITH IGNITOR CONSUMED **
Ct‘tt*
C###l#*ttt*t*tv******#‘**##**ﬁ##*****#*#************#&#t#**t**********#*
Ct#t**

WRITE (11, 6000)
6000 FORMATY(/,” ** Results: Computation of Chamber’

1 ,’ Pressure from a Known Buming Rate **'//

2 ,3x,'*** N #** | AYER *** TIME(ms) *** PCH(MPa) *** TPMR(gm)’

3, *** RBR(cm/s) *** ASUR(cm2) *** TCH(degK) *** DEPTHB(cm) ***’

4.)
C

C*** COMPUTE INITIAL VALUES OF "PCH" AND "TCH" BASED ON "XIN"=].0 ***
C

XIN =1.0
C
Cl‘l***#*****tt***********************************************************
C*****
C** Call "PTCALC" Subroutine to get initial values of chamber pressure a
Cnd
C**  temperature PLUS the initial surface area AND all integrals
C
CALL PTCALC (J, XIN, PCHN, TCHN, QWN)
C

Cill**************#****#***#****************

C*** COMPUTE INITIAL BURNING RATE ***

C
CALL BURNRT (PCHN, 1, RBRN)
C
Crkkkkiok ik koo ko kbR ok ok ok kokok
C
PCH (1) = PCHN
TCH (1) = TCHN
RHOS (1) = PX 4, J, 1)/RHOSTR
C

SMS (1) = SMSOL (J)
RBR (1) = RBRN
ASUR (1) = ASURN
DPTHB (1) = DPTHBN
LYR(1) =)




TIME (1) = 0.0
C

CALL OUTPUT (1)
C

(G s oo s oo oo s oo s oo s oo oo e
Chesns

Crédukany BEGIN TIME INTEGRATION TO COMPUTE CHAMBER PRESSURE (TIME) *##**
Crebns

el LI T L e L D L T L

Ok

C

N=1
C
C#** Initial guess for SMSN and PCHN
C (only used to get average properties)
C

SMSN = SMS (N)

PCHN = PCH (N)
C

(Cobeate s ook s oo s s st e s ol o o ol o ol ol ol oo sk o ol e o ol ae s oo o o o ol o ok o o s o s o sk e o e s b ale sk e o ok o e

Crbsrinns “400" LOOP COMPUTES CHAMBER PRESSURE vs TIME #%#* &%k
C##*****#**#*t#**‘#t*t&tt********#***#***t***********t****t**t***
C
1000 CONTINUE

C

N=N+1
Ct**##**t**#***#******#**#t**t**t*****************t**********#****#tt***
C** PRINT TO TELL IF SOMETHING IS HAPPENING ** [do NOT do this on Cray]*
C**#t*ttt********#* OBERLE 12/25/91 e e 2 3 e e s 3 o 2 ofe ke afe [Kooker 30 DCC 91 ]lulnll
C**t***************t**l&##t**t*******************************************

CALL CLEAR

IETY = INT (A3 (31) + .5)

IF (IETY .EQ. 1) .OR. (IETY .EQ. 2)) THEN

WRITE (*, *) * Using Constant Values'
ELSE
WRITE (*, *) ’ Using Integrals’

END IF

WRITE (*, 6010) N, PCH (N - 1)*PRSTR, TIME (N - 1)*TIMSCL
6010 FORMAT(///,2X, 'Pressure Generation Step: *,14./

15X,’** Previous Step: P(MPa) =", F10.4,

23X,’and Time (millisec) ='F9.3)

IF (N .GT. NMAX) GO TO 1010

TIME (N)=TIME (N - 1) + DT
C

Crsteskdbats s s sk i ok e e sl o sbeat e ol ol s sl ool o o o el o o e o e o o o o o oo e o e e e b e sl ool ool o ok ok o ook o o ok ok

C**** BEGIN ITERATION FOR VALUE OF "PCHN" AT TIME STEP "N" **¥% &+

Ct##*ttttt#tt**t*#**#*‘#**t***tt**tt**#ttt************#*##***t**t
C** Parameters ending with "--N1" are previous converged values
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C  at last time step "N-1"

C** Parameters ending with "--N" are current iterative values

C at current time step "N"
C‘*#*##t#***t*‘t*t**‘*t*tt*#&*****#*t*t*****#******#***#t##t***t*
C

C** Set Last Values of RHOS, ASUR and RBR

C
RHOSN1 =RHOS (N - 1)
ASURN1 = ASUR(N-1)
RBRN1 =RBR (N - 1)

C

C** Set Last Value of Mass (in Layer "J") Remaining in Chamber
C

SMSN1=SMS(N-1)
C
Crasmkmndx Begin Iterative "S00" Loop to Find PCH(N): **¥##*x
Ce*»* (Loop will try 20 times for convergence, KN <= 20) *##**
C

IDONE =0
KN=0
FRACT =1.0
C
1020 CONTINUE
C
IF (KN .LE. 20 .AND. IDONE .NE. 1) THEN
C
KN=KN + 1
PCHLAS = PCHN
CALL BURNRT (PCHN, J, RBRN)
C
XIN = SMSN/SMSOL (J)
C
JP1=J+1
SUMI = 0.0
C

IF (JP1 .LE. NTL) THEN
DO 1030 I = JP1, NTL
SUMI = SUMI + SMSOL (1)
1030 CONTINUE

END IF
C
TPMRN = SUMI + SMSN
TPMRGM = TPMRN*SMSSCL
C

C“##t**#‘#*t*tt*#***************‘*‘**#**#***#t*#*****tt***t**t***t**t*

C** Call "DEPTH-BURNED" Subroutine to get Surface area + Integrals

C************#*#***#*#****##***#t***#**********************************

C
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CALL DEPTH (TPMRGM, J, 1, DEPTHCM, ASURCM2)

DPTHBN = DEPTHCM/ELSTR
ASURN = ASURCM2/SURSTR
RHOSN=(PX (4,J,1)+ (PX 4,1,2) - PX 4, ], 1))*
1 ((DEPTHCM-PX (1, J, 1))/PX(1, J, 2)))/RHOSTR
C

Crorebaabai itk o bk e deok b ok s i ool o s o oo ot ol o ae o e ook o e ool o0 oo ol o oo ol o o o ke o o o ok ok

C
DELSMS = FRACT*DT*(RHOSN*ASURN*RBRN
1 + RHOSN1*ASURN1*RBRN1)/2.0
SMSN = SMSNI1 - DELSMS

g"* Must Check for SMSN < 0.0 => Layer has Bumed Out
¢ IF (SMSN .GE. 0.00) THEN

g‘* Layer "J" has not yet Burned Out

¢ FRACT = 1.0

c XIN = SMSN/SMSOL (J)

C*** COMPUTE VALUES OF "PCHN" AND "TCHN" FOR THIS VALUE OF "XIN"
C
CALL PTCALC (J, XIN, PCHN, TCHN, QWN)
IF (ABS ((PCHN - PCHLAS)/PCHLAS) .LT. CONVRG .OR. KN .GE. 20) THEN
PCH (N) = PCHN
TCH (N) = TCHN
SMS (N) = SMSN

RHOS (N) = RHOSN
RBR (N) = RBRN
ASUR (N) = ASURN
DPTHB (N) = DPTHBN
TPMR (N) = TPMRN
LYR (N) =J

Ct#*****************#t**##**tt**tt***t*****************t#***t**t*
C** After successful completion of step, load "5" values into "4"

C
DO 1040 KV =2, 11
PX KV, J,4) =PX (KV, ], 5)
1040 CONTINUE
el L T e e

CALL OUTPUT (N)
IDONE = 1




ELSE
END IF

C

ELSE
C

(Gt o ool ol oo oo oo o o oo o o o o o o o ol s e
Cssnsmbumsnsksss | gyer "J" has Bumned Out ***#*sskmmrskkbnion sk

C**** Must Reset Sums and Switch Layers to J = J + 1 ##kkuksnss
C**t#t#ll#ttll&llt*t*t**##t#Ill#tt*t***t*#*#**tt****#************#*#t

C** COMPUTE PROPERTIES AT BURNOUT OF LAYER "J"
C

XIN = 0.0
C
CALL PTCALC (J, XIN, PCHBO, TCHBO, QWBO)
C
C** Print/Write BURNOUT VALUES **
C
TIMBOP = TIME (N)*TIMSCL
PCHBOP = PCHBO*PRSTR
TCHBOP = TCHBO*TRSTR
DPTHOP = DPTHBN*ELSTR
C

WRITE (11, 6020) J, N, TIMBOP, PCHBOP, TCHBOP, DPTHOP
6020 FORMAT(/" *** PROPELLANT LAYER J=",I12," has Bumed '
1 ,’out on Step N= ',15," Before TIME (millisec) of ',E16.8/
2 ,15X,'Chamber Pressure (MPa) at Bumout ='E16.8/
3 ,15X,'Chamber Temperature (deg K) at Bumout =’ ,E16.8,/
4 ,15X,’Depth of Layer (cm) at Burnout =’,E16.8)

C
C** Set Final Value of "Xi" for this Layer "J"
C
X1 (J)=00
C
C** SET INDEX OF NEW LAYER "J"
C
J=J+1
C
C** CHECK ON TOTAL PROPELLANT BURNOUT
C
IF (J .GT. NTL) GO TO 1010
C
C** Set Properties for fractional time step integration
C
FRACT = (1.0 - ABS (SMSN)/(SMSN1 - SMSN))
SMSNO = SMSN
KN=1
C

SMSNI1 = SMSOL (J)




SMSN = SMSOL (J) + SMSNO
RHOSN1 = PX (4, J, 1)/RHOSTR
CALL BURNRT (PCHBO, J, RBN1)
C
C** Compute total propellant mass remaining in chamber
C when "old layer J" burned out
C
SUMI = 0.
DO 10501 = 1, NTL
SUMI = SUMI + XI (I)*SMSOL (1)
1050 CONTINUE
C
TPMRGM = SUMI*SMSSCL
C

Cterkesteskake ok st sk e sbope ook s s oo o ool o sl sk e o s ook e ol o ool s i ol ol ol o ol o e oo e ale o o o o e s kol sk o ok

C** Call "DEPTH-BURNED" Subroutine to get Surface area (ONLY)

C***#**l**ll*#*#****tt*t**#**&**********#*****lk#l**********#********#****

C
CALL DEPTH (TPMRGM, J, 2, DEPTHCM, ASURCM2)
ASURNI1 = ASURCM2/SURSTR

C

(C ket stk de sk e e ool o ol s s o e e b o e ae ool b o ol ol ol o s ol o sl a s o o e o sl o ol ol e o e o oo o sk o ko o o ol o sl sk v o e sk ke
Cekakok

Cr#dkkxx Now Reset All Sums Which Remain Constant in New Layer "J" #*¥***
C*****

Cw#**+ CALL SHEVAL (J,NTL) [SH1,SH2,SH3,SH4 returned in COMMON/SUMS] *
Chdxnk
Cbakkkokodok kst koo kil o ook s ok ol ko ok aakaa oRo okao a s ol e deo o

Chedkkdkak

C
CALL SHEVAL (J, NTL)
gmunuu*u*u*****uu*uunu**uu**u*u*uuuu*uuu«uuuu
Chanss
C
END IF
C
GO TO 1020
C
ELSE
C
GO TO 1000
C
END IF
C
1010 CONTINUE
C
RETURN
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END

C

C##illlllﬁ**#*#*#ll‘l*llilll*#*#ttt&*&t**#*#*****#**#***t****************#*#*#tt
Crrbes

Cc

SUBROUTINE BRRED (Al)
C

C******#***********#***##**#*****************************#**************
C*lll**

C** This routine computes effective linear regression rates based on ***
C*t##t

C** a given chamber pressure as a function of time (from UNIT 13) **
c#llnhlut
Ctt#t*t*ttttt***#****#**#****#‘***t#t**t*****t******lﬂlt##*#*#t*t*t*t*#**

CHewnn
COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)
COMMON /ETC/ EE (1000)

@]

COMMON /CONTRL/ NTL, CHVOL, HLFRAC, DT, NMAX, CONVRG, ICTYP
COMMON /FIXED/ CH1, CH2, CH3, CAPEO, QWMAX, PCHAMX

COMMON /SUMS/ SH1, SH2, SH3, SH4

COMMON /NVALUE/ RHOSRN, ASURN, DPTHBN, TPMRGM

COMMON /SOLUT/ TIME (1000), PCH (1000), RBR

1 (1000), TPMR (1000), SMS (1000)
2 , RHOS (1000), TCH (1000), DPTHB (1000),

3 ASUR (1000), LYR (1000)

COMMON /SCALE/ RHOSTR, TRSTR, PRSTR, RBRSTR, VOLSTR, SURSTR, ELSTR
1 , SMSSCL, CVRSCL, SERSCL, TIMSCL

COMMON /SOLIDL/ SMSOL (15), XI (15)

COMMON /AVEPROP/ RHOSAYV (15), SESOAV (15), SBCGAYV (15), RGCGAYV (15),
1 CVCGAV (15)

COMMON /IGNITOR/ SMSIG, SESIG, RHOSIG, WTMIG, SBIG, RGIG, CVIG
COMMON /AIR/ SMSA, WTMA, SBA, RGA, CVA

COMMON /METH/ IMOD

DIMENSION NLOW (15), NHIH (15)
CHARACTER*20 A1 (20)
C

C#t###t#t#*t*t#***#t**t*#**************#***#**********#t*****tt**t*ttt**
Ct##**
1000 CONTINUE
OPEN (UNIT = 13, FILE = Al (14), STATUS = 'OLD’, ERR = 1010)
REWIND (13)
GO TO 1020
1010 CONTINUE
CALL CLEAR
WRITE (*, *) 'The Pressure-Time File Does NOT Exist’

288



WRITE (*, *) 'Enter a New File Name For The P-T Data’
READ (*, 5000) Al (14)

5000 FORMAT(A20)
GO TO 1000

1020 CONTINUE

C******t#***t#*****************#*#**#*******************************#***
C*****

J=1

(Cotebe e s ok st o e s s e b o ol b o e b e e o s o o o oo e b e e o e ol e ol oo b o ok e b e ok ol o e e e sl ol e ol o ok oo e e e e ok e
Credkesrk

CHdxnkirsrk Compute Sums Which Remain Constant in Layer "J" (1) *#**®**
C*#***

C+*%% CALL SHEVAL (J.NTL) [SH1,SH2,SH3,SH4 returned in COMMON/SUMS] *
CH ¥k
Cot ok ek o ek ok okl koo K MK A K R R R A

Cedkkn

C
CALL SHEVAL (J, NTL)
C

Ok o ook kol ol ok o ok e e R ke
Cbnkn

Cr¥xidkiss COMPUTE INITIAL CONDITIONS IN CHAMBER WITH IGNITOR CONSUMED **
Crsnnk

O b oM ok e o ook el o o oo e

Cekdkk

IF (ICTYP .NE. 3) THEN
WRITE (11, 6000)
000 FORMAT(/," ** Results: Deduced Bumning Rates Based’
1,’ on a given Chamber Pressure vs. Time **'//
2 ,3x, %% N *#* [ AYER *** TIME(ms) *** PCH(MPa) *** TPMR(gm)’
3,' *** RBR(cm/s) *** ASUR(cm2) *** TCH(degK) *** DEPTHB(cm) ***'
4.)
ELSE
WRITE (11, 6010)
6010 FORMAT(/," ** Results: Deduced Surface Arca Based’
1,” on a given Chamber Pressure vs. Time **'//
2 ,3x,'*#* N *** | AYER *** TIME(ms) *** PCH(MPa) *** TPMR(gm)’
3 ,' *** RBR(cm/s) *** ASUR(cm2) *** TCH(degK) *** DEPTHB(cm) ***’
4.)
END IF
C
C**+ COMPUTE INITIAL VALUES OF "PCHN" AND "TCHN" FOR "XIN"=1,0 ***
C
XIN=10
C

Ctt‘tttt*t‘&“‘&#t‘*“‘*‘i..‘**#*t#‘*#*t#‘***##iﬁ****&****t‘#t‘#***t‘ttt
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C*#***
C** Call "PTCALC" Subroutine to get initial values of chamber pressure a
Cnd
C** temperature PLUS the initial surface area AND all integrals
C
CALL PTCALC (J, XIN, PCHN, TCHN, QWN)
C
C***************#******#***ttt*#********t#
C
PCH (1) = PCHN
TCH (1) = TCHN
RHOS (1) = PX (4, J, 1)/RHOSTR

SMS (1) = SMSOL (J)
ASUR (1) = ASURN
DPTHB (1) = DPTHBN
LYR (1) =]
c
TIME (1) = 0.0
C
CALL OUTPUT (1)
C***#*****tt*****************t*****************************************
Cexxxxmrrk FIRST MUST DETERMINE LOCATION IN PRESSURE DATA *#*¥&kkkukus
Cxxrikrdrk SO THAT PRESSURE IS ALWAYS ABOVE IGNITER PRESSURE *¥#*#%*%xx
C*****#******##**#******#**t*t*tt*t****t*******************************
NPNX =0
LNPNX =0
DUMTT = 0.0
CALL CLEAR
1030 CONTINUE
READ (13, *, END = 1040) DUMT, DUMP
NPNX = NPNX + 1
IF (DUMP .LE. PCH (1)*PRSTR) THEN
LNPNX = NPNX
DUMTT = DUMT
GO TO 1030
END IF
1040 CONTINUE
WRITE (*, 6020) LNPNX, DUMTT*1000. + A3 (42), PCH (1)*PRSTR
6020 FORMAT(///,5X,'For the calculation to be performed correctly’,
1/,5X,'all pressures must be above the igniter pressure. For’,
2/,5X,'the current data set points had to be deleted to obtain’,
3/,5X,'all pressures above the igniter pressure. Information’,
4/,5X,'relative to the deleted data points is:’,

5//.5X,"Number of points deleted IS,
6/,5X,'Time interval of deleted points (ms):' F10.5,
7/,5X,’Igniter Pressure (MPa) F10.5/)
PAUSE
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REWIND (UNIT = 13)
DO 1050 KXK = 1, LNPNX
READ (13, *) DUMT, DUMP
1050 CONTINUE
CALL CLEAR
C

fonn T T
Crik
C#***4+ BEGIN COMPUTATION MASS REMAINING IN LAYER "J" (SMSN) VS. TIME **

Chkkkk
Ct*t#*************‘#t*tt*t****************t*****************#******t**##

Cttt**

C

N=1
C
C** Initial guess for SMSN and PCHN
C (only used to get average properties)
C

SMSN = SMS (N)

PCHN = PCH (N)
C

(Ce skl s o abe s e e e s o s o b e e e e o o e sl o oo e ol e ale e o e s e ol e o oo e o e sl e e ale sl e o ol s ale ol o ok ok ok e

Codkikkdok kg 490" LOOP COMPUTES "SMS" vS TIME *kakkokakaedakokokok ok

C‘*#*i**l*****###****tt‘tt*##tt*******#*****#*‘****i*‘*#*********

C
1060 CONTINUE
C
N=N+1
C
IF (N .GT. NMAX) GO TO 1070
C

Corbetakatcaieads s et s ol e st e oo oo ol oo oo o e o ae o ool o o ol o sl e oo o ool o o ol ok ol o ol o ok ol o

C** READ "PCH(N)" AND "TIME(NN)" FROM UNIT 13

C

C** NOTE: It is assumed that PCH on 13 has units "MPa"
Ce+ and TIME on 13 has units of "mil-sec”

C

(obddd LI AL A LA LI LI LA LI I A DI I LA LIt Al il Al ald

Ceswusunsrs IF OPTION S, ELECTRICAL ENERGY MUST BE READ #¥#%%%s3+
Coeesnnesss MUST ALSO CONSIDER IF PRESSURE IS *¥%#ssssssmssussbss
L L T L L
IF (ICTYP .EQ. 5) THEN
READ (13, *, END = 1070, ERR = 1070) DUMT, DUMP, XXX, EEL
EE (N) = EEL
ELSE
READ (13, *, END = 1070, ERR = 1070) DUMT, DUMP
END IF
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PCH (N) = DUMP/PRSTR
C************t***t*#t*************#******************************
C*** Compute Current Value of Cumulative Heat Loss "QWN" #**##xukx
Crdxxrnxsirk ADD ELECTRICAL ENERGY TO "QWN" WILL BE ****xkkxkukkik
Crdrkrkrnkirk SUBTRACTED FROM "QWN" BACK FROM QWCOMP ***(Huh?)****
Ct******#******#**t****tttt*t*****#**************i******t*#******

CALL QWCOMP (QWN, PCH (\))

IF ACTYP .EQ. 5) THEN

QWN = QWN - EE (N)*1000000./(4.184*SERSCL*SMSSCL)

END IF
C********&**#*****#t***tt*t#*#***********************************
C****t****##tt AC]"UAL TIME ON UNI']" ]3 [S SEC ake 2 e e e 3 afc 2 e e e e afe 2 o afe 2 e ok ke
C*************#*** WILL CONVERT TO MH‘_SEC e 2k e e ke de 2 e 2 e 2 S afc e e e e e 2 e 2 e
C***********#*****#t*tt****#******************#********#********#

TIME (N) = DUMT*1000./TIMSCL

CALL CLEAR

IETY = INT (A3 (31) + .5)

IF (IETY .EQ. 1) THEN

WRITE (*, *) * Using Constant Values’
ELSE
WRITE (*, *) * Using Integrals’
END IF
WRITE (*, 6030) N, DUMT*1000., DUMP, PCH (1)*PRSTR
6030 FORMAT(/,5X,'*** BR Computation on Step =',14,
1/,8X,'where TIME (millisec) =',F9.3,
25X,'and Pressure (MPa) ='F10 5,
3/8X,'NOTE: Pressure must Exceed Ignitor Pressure (MPa)="
4 F10.5)
C

C##*‘t#t#‘tt#**#*#*##***#*t*********‘**#**##**t****t*************

Cu**¢ BEGIN ITERATION FOR VALUE OF "SMSN" AT TIME STEP "N" *%w#*x
Cotvabenkabeak e aboak the e b o o b oo o o o o o oo ool a0 o ol o o ool ool o ol ook o sl ol s ol ol ok ook ok ok ok ok
Cwwswknesk Begin Iterative "500" Loop to Find SMS(N); #*w#ss

Cx#** (Loop will try 20 times for convergence, KN <= 20) #¥+*+

C
IDONE = 0
KN=0
Cc
1080 CONTINUE
C
IF (KN .LE. 20 .AND. IDONE .NE. 1) THEN
C
KN=KN+1
SMSLAS = SMSN
C
C*** 11 is assumed below that LAYER 1 is still buming
C

XIN = SMSN/SMSOL (J)




¢

C.‘..."t“t‘t".C‘.‘.t.‘“t““t‘.““.‘t“t..‘t#“#“&#“t‘#t“

C** Latest value of Total Propellant Mass Remaining in Chamber **
C.".u...‘.i..“.‘.‘0‘&#Jl'l‘t‘t‘ttt.#‘t‘tt‘“t‘l#‘#‘tt&“‘ttt‘t#
C

JPI =]+

SUMI = 0.0

IF (JP1 .LE. NTL) THEN
DO 1090 1 = JP1, NTL
SUMI = SUMI + SMSOL ()
1090 CONTINUE

END IF
C
TPMRN = SUMI + SMSN
TPMRGM = TPMRN*SMSSCL
C

C‘ttt‘tt.“‘t#..“‘#‘#‘t‘i‘l#tt"t###ttt*‘t#tt‘#t‘t#*##&ttt“tt#*#“**‘

C*+ Call "DEPTH-BURNED" Subroutine to get surface arca + all integrals
C.tt.‘tt‘.“‘lttltt&&ttttt‘tttt##tt‘tt*‘#&tt‘&tl#tt####‘*‘tttt‘#t#**tt*

C
CALL DEPTH (TPMRGM, J, . DEPTHCM, ASURCM2)

C
el L L L T T e P T
C
DPTHBN = DEPTHCM/ELSTR
ASURN = ASURCM2/SURSTR
C
VOLRM =PX (8,.J,3)-PX (8,1, 5)
RATV =PX (8, },5/PX (8,1, 3)
C

IF (RATV LT. 0.02) THEN
SBCGN = PX (6, J, 1)*RHOSTR
RGCGN = PX (9, J, 1)/CVRSCL
CVCON = PX (10, J, 1H/CVRSCL
RHOSRN = ((PX (4, J, 3) - PX (4, J, 5))/VOLRM)/RHOSTR
SESRN = (PX (11,1, 3) - PX {11, ], §))/VOLRM)/SERSCL
ELSE IF (RATV .GT. 0.98) THEN
SBCGN = (PX (6, J, 5)/PX (8. J. 5))*RHOSTR
RGCGN = (PX (9. J. 5)/PX (8, 1, 5))/CVRSCL
CVCGN = (PX (10, 1, 5)/PX (8, ], 5))/CVRSCL
RHOSRN = PX (4, J, 2)/RHOSTR
SESRN = PX (11, J, 2)/SERSCL
ELSE
SBCGN = (PX (6, J, 5)/PX (8, J, 5))*RHOSTR
RGCOGN == (PX (9, 1, 5)/PX (8, J, S)/CVRSCL
CVCGN = (PX (10, ), 5)/PX (8, J, 5)/CVRSCL
RHOSRM = ((PX 4. ], 3) - PX (4, J, 5))/VOLRM)/RHOSTR
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C

SESRN = ((PX (i1, J, 3) - PX (11, J, 5))/VOLRM)/SERSCL
END IF

AMSESO = SMSOL (J)*SESRN
AMCVCG = SMSOL (J)*CVCGN
AMSBCG = SMSOL (J)*SBCGN
AMRGCC = SMSOL (J)*RGCGN
AMRHOS = SMSOL (J)/RHOSRN

C#*#t#*****‘##tt*#**#*‘#*t*t*#tt#t*t###t*#*##*********#**#i*#t**t*

C

C

C1 = CH1 - SH1 - AMSBCG
C2 = CH2 + SH2 + AMRGCG
C3 = CH3 + SH3 + AMCVCG
C4 = CAPEO - QWN - SH4

C*** COMPUTE CURRENT VALUE OF BURNOUT PRESSURE; PCHBO

C

C

PCHBON = (C2*C4)/(C1*C3)

C*** Check to see if PCH(N) is less than current burnout pressure

C

C

C

IF (PCH (N) .LE. PCHBON) THEN

QA = AMRGCG*AMSESO + PCH (N)*AMCVCG*(AMSBCG - AMRHOS)
QB = - (C2*AMSESO + C4*AMRGCG

1 + PCH (N)*(C3*(AMSBCG - AMRHOS) - C1*AMCVCQG))
QC = C2*C4 - PCH (N)*C1*C3

DISC = QB*QB - 4.0*QA*QC
IF (DISC .GE. 0.0) THEN

XIN = - (QB + SQRT (DISC))/(2.0*QA)
ELSE

WRITE (11, 6040) N, KN, FCH (N), PCHBON, TIME (N), QA, QB, QC

6040 FORMAT(///,” **** ERROR **** "DISC" IS NEGATIVE !!!*,

C

1 ' ON STEP N =',I5," WHEN KN = ",12/,5X,'PCH(N)=",
2 El16.8,' PCHBON='E16.8," AND TIME(N)="E16.8/,
35X,'(QA.QB,QC)=",3E18.8///)

STOP
END IF

SMSN = SMSOL (J)*XIN

IF (ABS ((SMSN - SMSLAS)/SMSLAS) .LT. CONVRG .OR. KN .GE. 20) THEN
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C
C** Compute latest value of Chamber Temperature

C
TOP = CAPEO - QWN - SH4 - AMSESO*XIN
BTM = CH3 + SH3 + AMCVCG*(1.0 - XIN)
TCHN = TOP/BTM

C

Ct******#t#**‘ttt*#***t#**#t##*##*****#****************#*********

C** Latest value of Total Propellant Mass Remaining in Chamber **
C*#*t*#*#&##**t#*#***#t#t*****#******#t*t*#**********#t*******&t*

C
JP1=]+1
SUMI =00
C
IF (JP1 .LE. NTL) THEN
DO 1100 I = JP1, NTL
SUMI = SUMI + SMSOL (D)
1100 CONTINUE
END IF
C
TPMRN = SUMI + SMSN
TPMRGM = TPMRN*SMSSCL
C

(el ook s ool ae e s b o b o e o e e e o ol e ol o o e o o o de s o b e s ol e o o ok e s ae e ol ol o se o s e sl o ook ok e e ok

C** Call "DEPTH-BURNED" Subroutine to get Surface arca (ONLY)
C*t***********#***#*t*************#**t****************#****************
C

CALL DEPTH (TPMRGM, J, 2, DEPTHCM, ASURCM2)

C
DPTHBN = DEPTHCM/ELSTR
ASURN = ASURCM2/SURSTR
RHOSN = (PX (4, J, 1) + (PX 4, J, 2) - PX (4, J, 1)*

1 ((DEPTHCM-PX (1, J, 1))/PX(1, J, 2))/RHOSTR

C

C********t*##‘********t**#*#‘##**********#*********#*******************
TCH (N) = TCHN
SMS (N) = SMSN

C

RHOS (N) = RHOSN

ASUR (N) = ASURN

DPTHB (N) = DPTHBN

TPMR (N) = TPMRN

LYR(N) =)
C#t****#t#t*#tt#tttt*‘ttttt*t****tt*t##tt#**t*tttt***&**tt*#*#t#t
C** Afier successful completion of step, load "S" values into "4"
C

DO 1110KV =2, 11




PX KV, ), 4)=PX KV, ], 5)
1110 CONTINUE

C##**t**t*&#*‘*#*‘t#*#*###*t*********-‘t******l‘l#‘**t***#tt*******#t

C

IDONE = 1
C
ELSE
END IF
C
ELSE
C

Ceesketcak sk teske s afesfe ot s s sk ot e sl e o o b s e e o o e o e e ol o ol ol o ol ol o e o e ko sl ae o b o o ok ol ek o e ol ok ok e
Ct***********##**# Layer "J" has Bumed Qut ¥k dokokokokokok ook

C**** Must Reset Sums and Switch Layers to J = J 4 1 %#*¥skbnikk
C*lHnHrllt**tltll**t#t*llntt#**IHI*l:***#*#llltt****************t#**********
C** COMPUTE PROPERTIES AT BURNOUT OF LAYER "J"

C

XIN =00
C
CALL PTCALC (J, XIN, PCHBO, TCHBO, QWBO)
C
C** Print/Write BURNOUT VALUES **
C
TIMBOP = TIME (N)*TIMSCL
PCHBOP = PCHBO*PRSTR
TCHBOP = TCHBO*TRSTR
DPTHOP = DPTHBN*ELSTR
C

WRITE (11, 6050) J, N, TIMBOP, PCHBOP, TCHBOP, DPTHOP
6050 FORMAT(/" *** PROPELLANT LAYER J= ",12," has Bumed *
1 ,'out on Step N= .15, Before TIME (millisec) of ', E16.8/
2 ,15X,"Chamber Pressure (MPa) at Bumout =' E16.8/
3 ,15X,'Chamber Temperature (deg K) at Bumout =’ E16.8,/
4 ,15X,’Depth of Layer (cm) at Bumout =’,E16.8)

C
C** Set Final Value of "Xi" for this Layer "J"
C
XI(J)=00
C
C** SET INDEX OF NEW LAYER "J"
C
J=J+1
C
C** CHECK ON TOTAL PROPELLANT BURNOUT
Cc
IF (J .GT. NTL) GO TO 1070
C

C** Set Properties for Continuation of Integration
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KN=1
SMSN = SMSOL (J)
C

c*tt##***t*********#*#**#****#*##ll****#*#‘*t#********#***l*********#****
C****t

CHesidax Now Reset All Sums Which Remain Constant in New Layer "J" #*#%**
Cllll#*#

CH**+ CALL SHEVAL (JNTL) {SH1,SH2,SH3,SH4 returned in COMMON/SUMS] *
Chrnkk
CRd o Aotk lkoolok o o ook Pkl bl ool ok Rt ko ook okl kR ok

Chkkin
C

CALL SHEVAL (J, NTL)
C

Cevie sk sk ok s e shole ot o s e s e ool o s o o o s o s o oo o ol sl oo o ool o oo ke o s e o e o ook ol oo ol o o o o o e ol o e o e o o ok
Crrskn

C
END IF

C
GO TO 1080
C
ELSE
C
GO TO 1060
C
END IF
C
1070 CONTINUE
C
C*** BEGIN COMPUTATION OF RATE FROM SMS(N) AND TIME(N)
C
NTOT =N - 1
NTOT1 = NTOT - 1

C
C [NOTE: *EQUAL TIME STEPS* HAVE BEEN ASSUMED HERE]
C

WRITE (11, 6060)
6060 FORMAT(/,’ *** DEDUCED BURNING RATES ***'//)

C
DO 1120 N = 3, NTOT1
C
JLNMI =LYR(N - 1)
JLN =LYR (N)
JINPI=LYR(N + 1)
C

IF JLNM1 .EQ. JLN .AND. JLNP1 .EQ. JLN) THEN
DMSDIN =(TPMR (N + 1) - TPMR (N - D)ATIME (N + 1) - TIME (N - 1))
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ELSE IF (JLNM1 .EQ. JLN .AND. JLNP1 .NE. JLN) THEN
DMSDTN = ( - 3.0TPMR (N) + 4.0*TPMR (N - 1) - TPMR (N -
1 2))(TIME (N - 2) - TIME (N))
ELSE
DMSDTN = ( - 3.0 TPMR (N) + 4.0*TPMR (N + 1) - TPMR (N +
1 2))ATIME (N + 2) - TIME (N))

END IF
C**.l***"lll***#‘l*#*!l**llll‘#*#*##**********#**#*#t*******&**************#t#*
C************‘# NEED To COMPUTE T}{E DESIRED QUAN']"ITY 3 e 3¢ e 2 2le e 1 e 2fe afe aje afe e 2k ofe 2 ol o
C**********##** OPI'IONS 1' 4 & 5: BURN RA'I'E ke e 2k e e afe e ok 2k ol a3 2fe 3 3 2fe 3 o0 356 e 2 3 ol afe sje ae
C************** OmON 3: SURFACE AREA e 2k age 2k aje ke aje 2 afe abc e o afe A afe o e 3 e aje 2 afc e 2 e e 2 e e 2 e
C********‘l****#*#ll*#‘*#ll#‘***************************#******************

IF (ICTYP .EQ. 3) THEN
CALL BURNRT (PCH (N), LYR (N), RBR (N))
ASUR (N) = - (DMSDTN/(RHOS (N)*RBR (N)))

ELSE
RBR (N) = - (DMSDTN/(RHOS (N)*ASUR (N)))
END IF
C
CALL OUTPUT (N)
c
1120 CONTINUE
C
RETURN
END
C
Ok ko ok ok ook o ok s ook ok ok ook ookl ok K ol ok kb o ok o o ok
Chkknn

SUBROUTINE SHEVAL (JL, NTO)

(Cte et ot a e o ake adeae s o s o ol s e ae e sl ae e s e o el e o b ok e sk ol o ol o e s e ol o oo e e o ol aeale e ol e s e s ol ol ol ke ot o o o ok ek ke
Ckdkik

C** NOTATION: JL = LOCAL "J" LAYER TO BE EXCLUDED FROM SUMS b

Chkkkk

CH* NTO = TOTAL NUMBER OF PROPELLANT LAYERS b

Chases

C** (output) SHI1,SH2,SH3,SH4 retumed in COMMON/SUMS e
CH*enn

faea LT L e e e e e

Crthbn

COMMON /SUMS/ SH1, SH2, SH3, SH4

COMMON /SOLIDL/ SMSOL (15), XI (15)

COMMON /AVEPROP/ RHOSAYV (15), SESOAYV (15), SBCGAYV (15), RGCGAYV (15),
1 CVCGAYV (15)

C“*##*‘t*t‘t#‘t‘ttttt*tt#t*tt&‘t‘*#tittt‘t*lltt#ttt**t*t*#*##*t#*#*‘**t#
Ce*ens

C##*sss¢ Eorm Sums Which Remain Constant in Layer "JL"
C
SUMI = 0.0




DO 1000 I = 1, NTO
SUMI = SUMI + SMSOL (I)*(XI (I)/RHOSAYV (1) + SBCGAV (I)*(1.0 - XI (1)))
1000 CONTINUE
C
SH1 = SUMI - SMSOL (JL)*(XI JL)/RHOSAYV (JL) + SBCGAV (JL)*(1.0 - XI (JL)))
C
Cdkokk ok
C
SUMI = 0.0
DO 10101 = 1, NTO
SUMI = SUMI + SMSOL (I)*RGCGAYV (D*(1.0 - XI (I))
1010 CONTINUE
C
SH2 = SUMI - SMSOL (JL)*RGCGAYV (JL)*(1.0 - XI (JL.))
C
Cekieken
C
SUMI = 0.0
DO 10201 = 1, NTO
SUMI = SUMI + SMSOL (D*CVCGAYV (I)*(1.0 - XI (I))
1020 CONTINUE
C
SH3 = SUMI - SMSOL (JL)*CVCGAYV (JL)*(1.0 - XI (JL))
C
Cdkk ik
C
SUMI = 0.0
DO 10301 =1, NTO
SUMI = SUMI + SMSOL (D*XI (I)*SESOAV {I)
1030 CONTINUE
C
SH4 = SUMI - SMSOL (JL)*XI (JL)*SESOAYV (JL)
C

C*'l*llll#t##ll#*ll*****‘***##‘#**#*###**t**tt****#**********tlﬂk***#********t
CHadnn

RETURN
END

C*t#t***t#t#“‘*t#tt*ttt*t*t*t**#***#‘*#**itt*ll#*tt*##***********#*#t*t*
C#t#t*

SUBROUTINE PTCALC (J, XIK, PCHK, TCHK, QWK)

C*tt‘&*tttt.“tt#tl‘#‘#‘“t***#*****###‘**#t#‘**ttt#*t*t##*t*#*#*#t##*#t
C*&*t*

C#** Subroutine "PTCALC" calculates PCH and TCH for Layer "J" given the

C LLL L




C**+* "Kth" iterative value of the mass fraction "XI" ;[ XI=SMS/SMSO]
C e e e 2
C*******t*##*t*****#*#*****#*************#**************t*t***#***##t*#*

Chbskk

COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)
COMMON /ETC/ EE (1000)

COMMON /FIXED/ CH1, CH2, CH3, CAPEC, QWMAX, PCHAMX
COMMON /SUMS/ SH1, SH2, SH3, SH4

COMMON /NVALUE/ RHOSRN, ASURN, DPTHBN, TPMRGM

COMMON /SOLIDL/ SMSOL (15), XI (15)

COMMON /SCALE/ RHOSTR, TRSTR, PRSTR, RBRSTR, VOLSTR, SURSTR, ELSTR
1 , SMSSCL, CVRSCL, SERSCL, TIMSCL

COMMON /METH/ IMOD

otk s okl kool ool kool oo oo ko ol e kol ek ol ook
Ok

C** Compute the latest value of Total Propellant Mass Remaining in Chamb

Cer **
C******t***t*********#*#************************************************

Cekken

C
NTL = INT (A3 (4) + 0.5)
JP1=J+1

SUMI = 0.0
IF JP1 .LE. NTL) THEN
DO 1000 I = JP1, NTL
SUMI = SUMI + SMSOL (1)
1000 CONTINUE

END IF
C

TPMRGM = (SUMI + XIK*SMSOL (J))*SMSSCL
C

Crkateskakeaiedade sk ek ol deabe de ok o o s o o o b ae e o ol o ol o o 0 o ook ool ool ol e b o o ol ol ol ok ok ok ok ak ok

C** Call "DEPTH-BURNED" Subroutine to get Surface arca + all integrals
C***&**t**#*#*#*****‘*ttt*tt**#tt&*#*tttt****&#t**t*#******#t*******#*#
C
CALL DEPTH (TPMRGM, J, 1, DEPTHCM, ASURCM2)
C
C#t‘t**tt*t*#*tt#*****&****t*t‘#***t#********t*t***#****t#**t*#*tt###w*
DPTHBN = DEPTHCM/ELSTR
ASURN = ASURCM2/SURSTR

VOLRM =PX (8,],3)-PX (8,],5)
RATV =PX (8, J, 5)/PX (8,J, 3)

IF (RATV LT. 0.02) THEN
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SBCGN = PX (6, J, 1)*RHOSTR

RGCGN = PX (9, J, 1)/CVRSCL

CVCGN = PX (10, J, 1)/CVRSCL

RHOSRN = ((PX 4, J, 3) - PX (4, J, 5))/VOLRM)/RHOSTR

SESRN = ((PX (11, J, 3) - PX (11, J, 5))/VOLRM)/SERSCL
ELSE IF (RATV .GT. 0.98) THEN

SBCGN = (PX (6, J, 5)/PX (8, J, 5))*RHOSTR

RGCGN = (PX (9, J, 5)/PX (8, J, 5))/CVRSCL

CVCGN = (PX (10, J, 5)/PX (8, J, 5))/CVRSCL

RHOSRN = PX (4, J, 2))RHOSTR

SESRN = PX (11, J, 2)/SERSCL
ELSE

SBCGN = (PX (6, J, 5)/PX (8, J, 5))*RHOSTR

RGCGN = (PX (9, J, 5)/PX (8, J, 5))/CVRSCL

CVCGN = (PX (10, 1, 5)/PX (8, J, 5))/CVRSCL

RHOSRN = ((PX (4, ], 3) - PX (4, J, 5))/VOLRM)/RHOSTR

SESRN = ((PX (11, J, 3) - PX (11, ], 5))/VOLRM)/SERSCL
END IF

AMSESO = SMSOL (J)*SESRN
AMCVCG = SMSOL (J)*CVCGN
AMSBCG = SMSOL (J)*SBCGN
AMRGCG = SMSOL (J)*RGCGN
AMRHOS = SMSOL (J)/RHOSRN

C

C*** Iterate 3 times for "PCHK" and "TCHK"

C
DO 1010KI=1,3

c
C#*** Compute Current Value of Cumulative Heat Loss "QWK"
C
CALL QWCOMP (QWK, PCHK)
C
TOP = CAPEO - QWK - SH4 - AMSESO*XIK
BTM = CH3 + SH3 + AMCVCG*(1.0 - XIK)
TCHK = TOP/BTM
C
TGP = TCHK*("H2 + SH2 + AMRGCG*(1.0 - XIK))
BTM = CH1 - SH1 - AMSBCG*(1.0 - XIK) - AMRHOS*XIK
PCHK = TOP/BTM
C
1010 CONTINUE
C
RETURN
END

”~y
-
C.t‘*‘#i*ttt#*#&tl#**##**“‘t#*t‘*#ti&*&*ttl‘ttt*t‘tt#t*#t**t#i*‘*t‘####

C.t‘##

30




SUBROUTINE QWCOMP (QWO, PCHNO)

C*************#*************##*******#*********************************#
Chedkdkk

COMMON /FIXED/ CH1, CH2, CH3, CAPEO, QWMAX, PCHAMX
C

QWO = QWMAX*(PCHNO/PCHAMX)
C

(Ceieskeatoake e sk e ok o e o e s e b e ol s o sl o b s ool s ol sl ol s ol o ot e ol s o ook ot s e o ok o ol ok kel o ko ok o ook ok ko o gk ok sk
Ok

RETURN
END

C**********************#*************************************t*********#
C****#

C
SUBROUTINE BURNRT (PG, JL, RBRIJ)

C
C PG: SCALED (ND) PRESSURE
C JL: LAYER BURNING

C RBRIJ: SCALED (ND) BURN RATE

Okl koA A skl R Rl o ol ool ok ook oo ookl ol o ok ok ok
Ok
COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)
COMMON /CONTRL/ NTL, CHVOL, HLFRAC, DT, NMAX, CONVRG, ICTYP
COMMON /SCALE/ RHOSTR, TRSTR, PRSTR, RBRSTR, VOLSTR, SURSTR, ELSTR.
1 , SMSSCL, CVRSCL, SERSCL, TIMSCL
COMMON /AVEPROP/ RHOSAYV (15), SESOAV (15), SBCGAYV (15), RGCGAYV (15),
1 CVCGAYV (15)

Cll#*t*****#t#**#*‘*****#*******#***#****#*******************************

C**##t*‘t#‘#*t ACrUAL PRESSURE IS PGMPA %%k sakcakake sk ok e e e s ok o e sk o et s oo s b ale e sl e e

Coeteskeske ket et ok ot e o o sl ook o abo o o e oo ok o b oo o o sk oo o oo ol oo o ol o o s ol o o o o e ok ok o o ook o o o ok ok ok

PGMPA = PG*PRSTR

C****t***#*‘##‘**‘*#t*t‘*#**‘*********#**#*****#lﬂk******#t*t#t*******#*t

C GENERAL ROUTINE TO FIND BURN RATE, BASED UPON PRESSURE NOT THE LAYER
(0 o o o oo o o o o o
IF (A3 (5) .GT. 0.0) THEN
NNUM = A3 (5)
LAST = NNUM + 49

Codkbbkb bbbk khkdk kb kbbb bbbk dkd oo bbb ook ook b ok ook ok ok ok ok ok

Cresssunsssssss CURRENT PRESSURE ABOVE ALL PRESSURE ENTRIES *%##%#sksws
ot L T T e T T TP e
IF (PGMPA .GT. A3 (LAST)) THEN

XY1 = ALOGI10 (A3 (LAST + 30))

XY2 = ALOG10 (A3 (LAST + 29))

XY3 = ALOGI0 (A3 (LAST))

XY4 = ALOGI10 (A3 (LAST - 1))

XYS = ALOG10 (PGMPA)

RBRJ = (XY1 - XY2)/AXY3 - XY4)*(XYS - XY3) + XYI
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RBRJ = 10.**RBRJ
RBRJ = RBRJ/RBRSTR
RETURN

END IF

(e ek e s s e o s s s e o s e o sl o e o o ol all s e s e ol e e ok o ok e o sl ol o ko s e e o b ol b o ol s ke o e sk o ke ol ok e ok ok ok ik

CH¥sedinsnsikks CURRENT PRESSURE BELOW ALL ENTRIES *#%k sk bokkbhokkook b
Ok kb kb ok ok ok kb kolok ok b kR o ok ok
IF (PGMPA EQ. A3 (50)) THEN
RBRJ = A3 (80)
RBRJ = RBRJ/RBRSTR
RETURN
END IF
IF (PGMPA LT. A3 (50)) THEN
XY1 = ALOGI10 (A3 (81))
XY2 = ALOG10 (A3 (80))
XY3 = ALOGI10 (A3 (51))
XY4 = ALOGI10 (A3 (50))
XYS5 = ALOG10 (PGMPA)
RBRJ = (XY1 - XY2)A(XY3 - XY4)*(XYS5 - XY4) + XY2
RBRJ = 10.**RBRJ
RBRJ = RBRJ/RBRSTR
RETURN
END IF

C**#***#l**it*t#***********&*#*****#********************************#t*#

Credesakoioi ok ok ok ok PRESSURE IN MIDDLE e e o o 3 ok M af e 2 3 afe ae ok a2k abe e o 3 e e o e e o e e ae afe ale e ake 2 ok ok o
(Credeseatodk i e ook abe b e o e b o ol el ae e o e o ae oo ol e ol ol ol o ol ol ol o o o o e ae ke e ol o ok ol o o ok sk o o o ol o o e ol el ok sk ke ak

DO 1000 JJ = 1, NNUM

JI=1)+49

IF (PGMPA .LE. A3 (J1))) THEN
NI =11+79
XYS = ALOG10 (PGMPA)
XY1 = ALOG10 (A3 (J)) - 1))
XY2 = ALOG10 (A3 (J1)))
XY3 = ALOG10 (A3 (J1J)))
XY4 = ALOG10 (A3 (J)JJ - 1))
RBRJ = (XYS5 - XYDAXY2 - XY1)*(XY3 - XY4) + XY4
RBRJ = 10.**RBRJ
RBRJ = RBRJ/RBRSTR

RETURN
END IF
1000 CONTINUE
END IF

el LAl LA A A2 Al d A L i AL I Il Il I AL 2 Il i Tt Ld L Ty

Csessssnsss NEXT THE ROUTINE IS BASED UPON THE LAYER %##4sssssssnenssns
Lol L T T T T T
IF (A3 (5) .LT. 0.0) THEN
NNUM = ABS (A3 (5))
INDEX = 50 + 2*(JL - 1)
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RBRIJ = (A3 (INDEX)/RBRSTR)*PGMPA**A3 (INDEX + 1)
END IF

RETURN

END

C#**#********t**#******#****#*#***************************#*************
C*****

C
SUBROUTINE SETVAL
Cc

C******************#********************t**#*******************#*******t
Ch¥kkx

COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)

COMMON /ETC/ EE (1000)

COMMON /CONTRL/ NTL, CHVOL, HLFRAC, DT, NMAX, CONVRG, ICTYP
COMMON /SCALE/ RHOSTR, TRSTR, PRSTR, RBRSTR, VOLSTR, SURSTR, ELSTR
1 , SMSSCL, CVRSCL, SERSCL, TIMSCL

COMMON /SOLIDL/ SMSOL (15), XI (15)

COMMON /IGNITOR/ SMSIG, SESIG, RHOSIG, WTMIG, SBIG, RGIG, CVIG
COMMON /AIR/ SMSA, WTMA, SBA, RGA, CVA

C*tt*****#*t*t*#*##*******#************#********************************
Ctt***

C** Set Total Number of Propellant Layers (NTL), Chamber Volume (CHVOLS)
C.
C** Time Step (DTS IN MSEC), Maximum Number of Time Steps (NMAX),
C** and Convergence Tolerance (CONVRG)
C
NTL = INT (A3 (4) + .5)
CHVOLS = A3 (23)
DTS = A3 (42)
NMAX = 1200
ICTYP = INT (A3 (2) + .5)
HLFRAC = 0.0
C
C** Scale Chamber Volume (CHVOL)
C
CHVOL = CHVOLS/VOLSTR
C
C** Scale Time Step (DT)
C
DT = DTS/TIMSCL
C
C** Set ND-Values of Propellant Mass (SMSOL)
C

DO 1000 I = 1, NTL
SMSOL (1) = PX (4, 1, 3)*A3 (46)/SMSSCL
1000 CONTINUE
C

SMSIG = A3 (26)/SMSSCL




C#*‘*****t#******#**##************************************t************

C****#tt**t****#****** AIR MASS IS DE’I‘ERMIN‘ED a6 aj 2k afe ake 2k M 3 2 3 e e ke e e 3 s e e ki e ok ok o
C*********#*t‘#****#*********&*****************************************
SUM = 0.0
DO 10101 = 1, NTL
SUM=SUM +PX (8,1, 3)
1010 CONTINUE
SUM = SUM*A3 (46)
SUM = SUM + A3 (26)/A3 (15)
SUM = CHVOLS - SUM
SMSA = SUM*.001204
CALL CLEAR
WRITE (*, 6000) SMSA
6000 FORMAT(///,10X,'The computed mass of air in the bomb is:',F10.5,
1/,10X,'grams. Do you wish to change this value to 0.0 gm?’,
2/,10X,’(Yes = 1 / No = 2)'//,10X, Enter your choice.’./))
READ (*, *) IAIR
IF (IAIR .EQ. 1) THEN
SMSA =00
ELSE
SMSA = SMSA/SMSSCL
END F
C
C** Set all values for "---IG" (ignitor) and "---A" (air)
C
WTMIG = A3 (16)
WTMA = 28,9
GAMMAA = 14
C
SBIC = A3 (17)*RHOSTR
SBA = 98*RHOSTR
RGIG = (1.98717/A3 (16))/CVRSCL
RGA = (1.98717/WTMA)/CVRSCL
CVIG = RGIG/(A3 (18) - 1.0)
CVA = RGA/(GAMMAA - 1.0)
C
SESIG = (A3 (14)/TRSTR)*CVIG
RHOSIG = A3 (15)/RHOSTR
C

Ct‘i“**'l‘*#tﬁtt‘illt#ti“&*ﬁ*&i**t****&**i**t****t‘tt‘*‘#****t*t*#***“*
Cees

Cessssss WRITE TABULATION OF INPUT DATA TO UNIT (11) *#ssssssssisnines

Ct“
C"“‘*Oitit‘#tt*t#&t&i‘"“**‘t‘tt‘t"ttttt&t*tt*&**t‘t‘*t“l“““i“‘t

Ct*‘

C
WRITE (11, 6010)
WRITE (11, 6020)




WRITE (11, 6020)

CHVOLP = CHVOL*VOLSTR
DTP = DT*TIMSCL

WRITE (11, 6030) NTL, CHVOLP, HLFRAC, DTP, NMAX, CONVRG, ICTYP
WRITE (11, 6020)
WRITE (11, 6040)
WRITE (11, 6020)
WRITE (11, 6050)
WRITE (11, 6020)

DO 10201 = 1, NTL
WRITE (11, 6060) I, SMSOL (I)*SMSSCL
1020 CONTINUE
SMSIGP = SMSIG*SMSSCL
SMSAP = SMSA*SMSSCL
WRITE (11, 6070) SMSIGP
WRITE (11, 6080) SMSAP
C*#*
WRITE (11, 6020)
WRITE (11, 6090)
WRITE (11, 6020)
C***
DO 10301 =1, NTL
WRITE (11, 6060) I, PX 4,1, 1), PX (4,1, 2)
1030 CONTINUE
WRITE (11, 6070) A3 (15)
Cene
WRITE (11, 6020)
WRITE (11, 6100)
WRITE (11, 6020)
Chs
DO 10401 =1, NTL
WRITE (11, 6060) I, PX 2, 1, 1), PX 2,1, 2)
1040 CONTINUE
WRITE (11, 6070) A3 (13)
Coes
WRITE (11, 6020)
WRITE (11, 6110)
WRITE (11, 6020)
Cees
DO 10501 =1, NTL
WRITE (11, 6060) I, PX (3,1, 1), PX (3, 1, 2)
1050 CONTINUE
WRITE (11, 6070) A3 (14)

Cees

WRITE (11, 6020)
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WRITE (11, 6120)
WRITE (11, 6020)
Cltt
DO 1060 I = 1, NTL
WRITE (11, 6060) I, PX (5,1, 1), PX (5, 1, 2)
1060 CONTINUE
WRITE (11, 6070) A3 (16)
WRITE (11, 6080) WTMA
C#tt
WRITE (11, 6020)
WRITE (11, 6130)
WRITE (11, 6020)
C*t‘l
DO 10701 = 1, NTL
WRITE (11, 6060) I, PX 9,1, 1), PX (9, 1, 2)
1070 CONTINUE
RGIGP = RGIG*CVRSCL
WRITE (11, 6070) RGIGP
RGAP = RGA*CVRSCL
WRITE (11, 6080) RGAFP
C#*‘
WRITE (11, 6020)
WRITE (11, 6140)
WRITE (11, 6020)
Cltll*
DO 10801 =1, NTL
WRITE (11, 6060) I, PX (7,1, 1), PX (7, 1, 2)
1080 CONTINUE
WRITE (11, 6070) A3 (18)
WRITE (11, 6080) GAMMAA
Cttt
WRITE (11, 6020)
WRITE (11, 6150)
WRITE (11, 6020)
Ct**
DO 10901 = 1, NTL
WRITE (11, 6060) I, PX (10, 1, 1), PX (10, 1, 2)
1090 CONTINUE
CVIGP = CVIG*CVRSCL
WRITE (11, 6070) CVIGP
CVAP = CVA*CVRSCL
WRITE (11, 6080) CVAP
Coee
WRITE (11, 6020)
WRITE (11, 6160)
WRITE (11, 6020)

Cee=

DO 11001 = 1, NTL
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WRITE (11, 6060) I, PX (6, I, 1), PX (6, I, 2)

1100 CONTINUE

WRITE (11, 6070) A3 (17)

SBAP = SBA/RHOSTR

WRITE (11, 6080) SBAP
Chks

WRITE (11, 6020)

WRITE (11, 6020)

C**#***#****t‘#**##*#*‘**ttt*t*##tt**t*‘#ttt#t#*t**##t*#******‘***

RETURN

Coeksakokabobb ok okl ok ok ok shobeooakook oot st o el b ok o ol o o ko ol o ok ol ol o kb ol ook ke

Chbbbbbkbbb bbbk kbbb ok FORMAT STATEMENTS **%%kbkhbbnkbbhbhkkbhhs
CHdrkkiokbbbbhbkbbbokbkkkd bk hbkdbdkbhbok b b kbkhdhdbkbok kb ks dd ok

6010 FORMAT(//)
5020 FORMAT(® #*%*# 656 aiatst st abubbhssshsh bbb bhibbbb bbb hbsbss
R T T T Y

6030 FORMAT(5X, Total # Layers = ’,14/,
1 5§X,’Chamber Volume (cm3) =',F10.3/,
2 5X,’Heat-Loss-Fraction (n-d) ='F10.3/,
3 5X,'Time Step (mil-sec) ='E16.8,5X,"Max Time Steps = '17/
4 5X,'Convergence Criterion = ' E16.8/
5 5X,’Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR
6 BOMB, 5=ETC)',IS)
6040 FORMAT(20X,’'Beginning(1) of Layer’,10X,’End(2) of Layer’)
6050 FORMAT(10X, 'Propellant Mass in grams')
6090 FORMAT(10X,'Propellant Density in g/cc’)
6110 FORMAT(10X,'Propellant Flame Temperature in deg K')
6120 FORMAT(10X, 'Propellant Molecular Weight in g/g-mole”)
6130 FORMAT(10X,'Propellant Gas Constant in cal/g-deg K')
6140 FORMAT(10X,'Gamma (Ratio of Specific Heats)')
C
6060 FORMAT(5X,15,10X,F15.5,10X,F15.5)
6070 FORMAT(6X,'Ignitor’,7X F15.5)
6080 FORMAT(8X,'Air' 9X,F15.5)
C
6150 FORMAT(10X,'Specific Heat (Cv) in cal/g-deg K*)
6160 FORMAT(10X,'Covolume in cm3/g’)
6100 FORMAT (10X, Propellant Impetus in J/g')

C*“‘.“““‘t““““““‘“‘O‘v‘““t“t‘t“‘t“t#tt#

END

Cttt“ttt““ttt‘tt..t‘t‘ttt.‘tt““t‘tt“t‘t‘tt‘t‘&‘t*tt*t“‘t"t‘ttt‘.‘
C.‘.t‘

SUBROUTINE OUTPUT (NT)

C“.“‘.““*“"#“““‘.‘“t“‘t‘.‘“tt‘&‘t.t‘.‘#t‘ltt‘tt“‘.tttt#tttl
C..‘.‘

COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)
COMMON /CONTRL/ NTL, CHVOL, HLFRAC, DT, NMAX, CONVRG, ICTYP

COMMON /SOLUT/ TIME (1000), PCH (1000), RBR
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1 (1000), TPMR (1000), SMS (1000)

2 , RHOS (1000), TCH (1000), DPTHB (1000),

3 ASUR (1000), LYR (1000)

COMMON /SCALE/ RHOSTR, TRSTR, PRSTR, RBRSTR, VOLSTR, SURSTR, ELSTR
1 , SMSSCL, CVRSCL, SERSCL, TIMSCL

C*t‘***tt*t*ti*““tttt‘t‘t*t*tt‘#tt‘t##‘ttt*l#tv*##*itt#&ttttt**#*tt#*‘
C#*tb#

TIMP = TIME (NT)*TIMSCL
PCHP = PCH (NT)*PRSTR
TCHP = TCH (NT)*TRSTR
TPMRP = TPMR (NT)*SMSSCL
RBRP = RBR (NT)*RBRSTR
ASURP = ASUR (NT)*SURSTR
DEPTHP = DPTHB (NT)*ELSTR
A3 (100) = NT

WRITE (11, 6C00) NT, LYR (NT), TIMP, PCHP, TPMRP, RBRP

1 , ASURP, TCHP, DEPTHP
6000 FORMAT(1X,'N="15,"' LAYER=",12,7E16.8)
C

RETURN

END
e L T P T P
Cossssessssnssnssnssnsss SUBROUTINE CLEAR **¢#5atssstbbssbsbshtsssssess
ol T T R T T

SUBROUTINE CLEAR

CHARACTER ST*4

DATA ST/ [25'/

WRITE (*, 6000) ST
6000 FORMAT (1X,A4)

RETURN

END

C‘tt“*‘.‘w““‘l‘*‘tt‘t.“&*tlt“‘O#tttttt#t‘#tt‘ttt‘#t&.‘ttttt‘t‘t“.t

SUBROUTINE DEPTH (XMAS, J, IFLAG., DB, SA)
Ct&‘ttt‘tt‘t.t.‘ttt‘ttt“ttttttttttttttt‘ttttttttttttt‘tttttttltltttttt#
C Version: 3.0, January 1992
C Written by: William Oberle, U.S. Amy Rescarch Laboratory
This program will detcrmine the depth bumed on a grain and
compute the necessary integrals for the computation.

XMAS: total mass of all grains remaining in the chamber in grams

[FLAG: flag for desired information; 1 - compute integrals & Surf A
2 - compuic surf Area only

J: layer buming

DB: depth bumt in cm

SA: total buming surface area (all grains) in cmA2

Ct“.t“.....‘..0‘.‘*“‘.‘..“‘#““tti.*itt.“‘ttt#t&tttt‘ttttt‘tt“tt‘
CO..“““‘.‘#..‘....‘“.““#“““tti‘t““‘.tt“t‘#‘ttt‘tt.‘ttt‘t“‘.

nnaaanononnn
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COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)

COMMON /CONTRL/ NTL, CHVOL, HLFRAC, DT, NMAX, CONVRG, ICTYP
COMMON METH/ IMOD

PARAMETER (PI = 3.141593)

Ctt"#t****t*‘*t‘&##‘**t*‘##‘t“#&##“************t**********&*********#*

Chasbbnrsississsssss TEST FOR NEGATIVE MASS **# ks kimoksonhokhkdobk bk
fonan s d DT T T
IF (XMAS LE. 0.0) THEN
DB = A3 (1)
SA=00
RETURN
END IF

Ct#tt&#tttt‘tt‘t**#.‘#*##***#***#**ttt*&tt*#t*t**********#*t*#*#*#**#t*#

Co#*stsses DETERMINE MASS PER GRAIN & GRAIN TYPE *#% % kbbb koo ko
el L T T e

XMASG = XMAS/A3 (46)

ITYPE = INT (A3 (45) + .5)
L R T
Csrsxsunisns [SRS = 1| MEANS USE CONSTANT VALUES OTHERWISE *#### %% %kkknn
Cessxrrsisrss [SRS = 2 MEANS USE CONSTANT VALUES FOR LAYERS *¥*##¥¥ksnus
Ceesvnssrsnrss WILL USE INTEGRALS TO PRODUCE THERMO PROPERTIES ###%*¥#¥4x

C‘*““#**‘##‘*t‘#ittt‘*“t*t*#***#t##*#t#tttt‘t**t*t*t****#**‘#ttt#*tt#

ISRS = INT (A3 (31) +.5)

C“““#“**“t#t‘t“‘*tt‘***t‘t#tt&*t#t#tttttttt*#**##******l*it**tt*tt

Ceeesussssrss DETERMINE MASS BURNED IN LAYER (ONE GRA|N) #%###hasbbysvnn
L L T e T T
NL = INT (A3 (4) +.5)
SUM =0.0
DO 10001 = J, NL
SUM=SUM+PX 4,1, 3)
1000 CONTINUE
XMB = SUM - XMASG

C#tt‘t‘tttt“.‘“#*.‘t‘.‘ttit“t#t#t#t“t‘ttt*‘t#tt#t‘ttttttt#tt*t“#“

Ceeeessssnsssssss CHECK IF ON BOUNDARY OF LAYER ##**sssusssssnssnsssnss
el L L T T T T P T T
IF (ABS (XMB/PX (4, J, 3)) .LE. 1.0E-3) THEN
DB=PX(1,J. 1)
CALL FORMT (ITYPE, SFAREA, VOLUNB, DB)
SA = SFAREA*A3 (46)
PX 4,],5)=00
PX(1,),5)=PX(1,J1)
PX(6,),.5)=00
PX (8,].5)=00
PX 9 1.5=00
PX (10,J,5)=0.0
PX (11,1,5)=00
RETURN
END IF
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C****w******#*##****lt'#*****#*llil#**'4(*#*********************************#*

Cdokaokokbodok koo dkokokok & FIRST IF THE PROPERTIES ARE CONSTAN‘I‘ a3 2k abe e o e o e o e ok ok ok
C****#***#t***##*t#& AND WE HAVE A SINGLE GRAIN W e 2 e 2 6 e 3 e o 3 e ke ae e b e o o o o o ok 2k

Ct#******t***********#*#tt***#******#****************#****************##

IF (ISRS .EQ. 1) THEN

C###************#**tt#tt*******ll***t#*tt#t************#*****************

C*#tt**#*&***** Need to detennine the dcplh burnt e e e 28 e o e a3 a3 d afe e 2 o abe M ok e e 2
C#‘#**#*#**t********#*##t#**#******#**ll****************#***************#

C*#********* GVOL lS TH‘E REMAINING VOLUME PER GRAIN e ke ake 2 3k e 2k 2l s aje e e 2l 2 e 2 2 o afe 2
C***********#**ttt*t********###*#*******#****#**************#*#*******t*
GVOL = XMASG/PX 4,1, 1)
IF (GVOL .LE. 0.0) THEN
WRITE (*, *) 'Grain Volume Zero in Depth’
PAUSE
RETURN
END IF

Ct**lt*********#*#***************#******************************t***lﬁ*#t

C#»#xsx NOW WE DO THE SPHERE, THE DEPTH CAN BE SOLVED DIRECTLY *### ¥tk
Ol ke b o ko R ko ol o o o okl o ok ok e ok
IF (ITYPE .EQ. 1) THEN
DB = A3 (8)/2. - (715*GVOL/PI)**(1./3.)
R = A3 (8)2. - DB
SA = 4.*PI*R*R*A3 (46)
GO TO 1010
END IF

(Crteseste s sk e b b e e s e e e b ae o o o o oo afe o oo ol o b o e s e o e sl ool e o e ol e ol s ol o e ol ol o o ol o sl ool o ale sk ool o sk ae ok sk e

C##**++ THE CORD WITH INHIBITED ENDS CAN ALSO BE SOLVED DIRECTLY *#*%%**#&
Com Ao o o A Mk
IF (ITYPE .EQ. 11) THEN
DB = (A3 (8)12.) - (GVOL/(PI*A3 (7)))**(1.2.)
R = A3 (8)2. - DB
SA = 2.*PI*R*A3 (7)*A3 (46)
GO TO 1010
END IF

C““t*‘*l.“*t‘tt‘tt‘t*t##*t*#i#*#t‘ll‘##t#&#t"l*t**#*tt#‘**t*#**#*##*#t

C‘l‘ttt“t*‘*i#“##lt“ THE CIGARE']"I'E GRAIN et o N e e o o e o oo o e o o e o e o e o e o e s ok
C#““#‘t‘t##**#‘**l#‘#“t#ttt"**llt‘i*#tt#‘t#t**l‘*l‘**#*‘#t#‘tt##tt#*#*

IF (ITYPE .EQ. 13) THEN
DB = A3 (7) - (4/P)*(GVOL/(A3 (8)*A3 (8))
SA = A3 (8)*A3 (8)*Pl/4.*A3 (46)
GO TO 1010

END IF

C"Ottt“““*t‘&l*t“.‘##t.tt‘t#‘ttt“t‘t*‘ttt‘#tti#*t‘tt*t#t“ttt‘t‘tt

Cosesssssssssssssss SANDWICH WITH INHIBITED SIDES **+++sstssssssserssns
lan L L P T PP e T P
IF (ITYPE .EQ. 12) THEN
SA = 2.*A3 (7)*A3 (10)*A3 (46)
DB = (A3 (8)2.) - (GVOL/(2.*A3 (7)*A3 (10)))

3




1020

GO TO 1010

END IF
Ok ko ok skl koo o ook ook ok ook ok okl ks o ke ekl
Crksnnknkkkhbbbkdk USING NEWTON-RAPHSON METHOD **kokskeksdeok ek ok sk
Crdbidskkbrusbrsssx NOT OBTAINING UNIQUE VALUES WILL NOT USE ##¥#kkksackokk

C#*****#tt#t*t#t*t*tt*t**#****************#*#************************#**

IF (IMOD .EQ. 2) THEN

WRITE (*, *) 'Using Newton-Raphson’
X2=PX(,1,5)
CALL FORMT (ITYPE, SFAREA, VOLUNB, X2)
VOL2 = VOLUNB
PERC = (VOL2 - GVOL)/GVOL
IF (ABS (PERC) .LE. CONVRG) THEN
DB = X2
SF = SFAREA*A3 (46)
GO TO 1010
END IF
XYZST = (A3 (1) - X1)/100.
X3 = X2 + XYZST
CALL FORMT (ITYPE, SFAREA, VOLUNB, X3)
VOL3 = VOLUNB
PERC = (VOL3 - GVOL)/GVOL
IF (ABS (PERC) .LE. CONVRG) THEN
DB = X3
SF = SFAREA*A3 (46)
GO TO 1010
END IF
CONTINUE
X1 =X2
X2 =X3
VOL1 = VOL2
VOL2 = VOL3
X3 = (GVOL - VOL1)*(X2 - X1)/(VOL2 - VOLI) + X1
CALL FORMT (ITYPE, SFAREA, VOLUNB, X3)
VOL3 = VOLUNB
DELTAYV = ABS (VOLUNB - GVOL)/GVOL
IF (DELTAV .LE. CONVRG) THEN
DB = X3
SA = SFAREA*A3 (46)
GO TO 1010
END IF
GO TO 1020

END IF

Ctt‘tttttl‘tttttttttttt#*ti&t&t*#*tt&tt‘&ttt#&t#*##ttttt‘t**t&t*##t‘tt*t

Ceeseesesssssvsss REMAINING GRAINS REQUIRE SEARCH *####sssusssnsssssstns
er et P T T

C WILL USE A BISECTION METHOD TO FIND THE DEPTH BURNT, CONSIDER THE
C FUNCTION WHICH IS THE DIFFERENCE BETWEEN THE REMAINING GRAIN
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C VOLUME AND THE COMPUTED GRAIN VOLUME FOR A GIVEN DEPTH BURNT
C WE ARE LOOKING FOR THE ROOT OF THIS FUNCTION, IT MUST HAVE A
C UNIQUE SOLUTION BETWEEN ZERO AND MAX DEPTH BURNED, A3(1)

Criekakskeakedoak s s i e i o ool o e o e o e s s oo ol o sl o ke o o o o o s e o ol o o ke e b o sl ool b oo o e o o e ook b ok o ok e

C THE THREE X VALUES USED IN THE METHOD WILL BE X1,X2,X3 IN THAT ORDER

Crtedereeakeakoakeakob sk ot Xk ol ook ool ab e o e b e s sbeale e st e o ol o e o e ol o o e o e ol o o e ol s e s e sk ok o e e b e ok ke ok ok ke

C****tﬁ*******### FIRST TI{E LOWER LIMIT FOR THE SEARCH e aje 3¢ o a2l aje abe o 3 3 2 e ae o e ok
C********t***#****t##tt#t**#****t*#********t**********t#*tt*******t*t***
WRITE (*, *) 'Using Bisection’
IF®PX (1,1, 5) .GT. 0.0) THEN
X1=PX(1,1,5
ELSE
X1=00
END IF
Cll#&*‘*ttt*t***##tt**********t******#*#*****************#*****tt*******#
C*******#t*****#***# 'I'EST To SEE IF PROPER LOW‘ER VALUE e e 2 ae 2je e b o afe e 3 afe e o e ake e
C****t**#t******#*t* GVOL_VOLUNB LESS THAN ZERO e o 3 e e aje o 3 2k ale e 3k b e afe e e s ofe e e e e afe
C*******tt******t#*##*****‘***t*********#**#************************#***
XYZST = (A3 (1) - X1)/10000.
XYZST = ABS (XYZST)
1030 CONTINUE
CALL FORMT (ITYPE, SFAREA, VOLUNB, X1)
FUNCT = GVOL - YVOLUNB
IF (FUNCT .GE. 0.0) THEN
X1 = X1- XYZST
IF (X1 .LE. 0.0) THEN
X1=00
CALL FORMT (ITYPE, SFAREA, VOLUNB, X1)
GO TO 1040
END IF
GO TO 1030
END IF

Clll!l‘#t*#tt**“*‘**#*i*t***ti**##*tt**ltll***il***#**************#t#***#t*#

CH¥ssususs NEXT THE UPPER LIMIT FOR THE BRACKET IS FOUND ##*#k¥kkkkhbbbn
(%0 o oo oo o ko o
1040 CONTINUE
JSTOP =0
XYZST = (A3 (1) - X1)/10000.
1050 CONTINUE
JSTOP = JSTOP + 1
IF (JSTOP .EQ. 10001) THEN
X3=A3()
CALL FORMT (ITYPE, SFAREA, VOLUNB, X3)
GO TO 1060
END IF
C X3=X1+JSTOP*XYZST
X3 = X1 + XYZST
CALL FORMT (ITYPE, SFAREA, VOLUNB, X3)
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C#*******#**********‘****#******#****#**********************************

Craxkkknnkkkksssk SEE [F WE HAVE A MATCH **k# ki koo doiobhk bk
T
FUNCT = GVOL - VOLUNB
IF (ABS (FUNCT) .LT. .000001) THEN
DB = X3
SA = SFAREA*A3 (46)
GO TO 1010
END IF
IF (FUNCT .LE. 0.0) THEN
X1 =X3
VOL1 = VOL3
GO TO 1050
END IF
VOL3 = VOLUNB
1060 CONTINUE

C**t‘****#********t*****************************************************
C******‘*tt**#t**** BRACKE’]‘ HAS BEEN FOUND sk o afe 2 o o 2 s o ae o e e de e ae o ok ae 2 e afe e ke o afe afe e sl
C*‘t**##**i#t*t**t*************#***********************************#**t*
C#t*t**tit*#**t****************************************#****************

Charkkknkbkkek NOW WE START THE B[SEC’I‘ION METHOD A e afe 2 e 2k e afe e e ok e b abe o ok o e o o e o ok ok

C********#***********##*****#******#****t*********#*********************

CHeswxukiiisnss F[RST THE MIDPT IS COMPUTED **kskokkoksosicaokok koo ok ook ok
o o o oo oo o o o oo kol ook o s o ook oo ko
1070 CONTINUE
X2 = (X1 + X3)2.
CALL FORMT (ITYPE, SFAREA, VOLUNB, X2)
F2 = GVOL - VOLUNB
PERC = F2/GVOL
IF ((ABS (PERC) .LT. CONVRG) .OR. (ABS (X3 - X1) .LT. .000001)) THEN
DB = X2
SA = SFAREA*A3 (46)
GO TO 1010
END IF
IF (F2 .GT. 0.0) THEN
X3=X2
ELSE
X1 =X2
END IF
GO TO 1070

(ol dd Al AL AL Al DL AL Ll LRl Al bt DAl LAl LAt Ll Ll A A Ll Ll

Ceeessssenssusssss Al] DEPTH BURNED AND SURFACE ARE FOUND *#¢¢tsssssnss
el LU T e T T
1010 CONTINUE
PX(1,1,5)=DB
IF (IFLAG .EQ. 2) THEN
RETURN
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ELSE
DO 1080 ICH = 2, il
PX (ICH, 1,5) =PX (ICH, 1, 1)
1080 CONTINUE
RETURN
END IF
END IF
C*************#***#***t**#**#********i*******************t**************
C**#*t*t***t*t***#**** NOW CONSTANT PROPERTIES WITH #okkokokskokob ok oo s s sk s s ske
C***t#ttt**ttttt**t**t SEVERAL LAYERS - NOT DE"[‘ERRED e 2k 2 ake 2 e afe e e 3¢ o 2 a2 2k e afe o
C#**lﬂr***t«ttttt*tttt*t*t##**t*****#*lﬂr**#h&****#t**************#****#&t#
If (ISRS .EQ. 2) THEN
GO TO 1090
1100 CONTINUE
PX (1,71,5)=DB
IF (IFLAG .EQ. 2) THEN
RETURN
ELSE
DO 1110 ICH = 2, 11
PX (ICH, J, §) = PX (ICH, J, 1)
1110 CONTINUE
RETURN

END IF

Crerrrstsdrkrsksknts NEED VOLUME OF LAYERS BELOW CURRENT LAYER #%#%%x&x%
1090 CONTINUE

WRITE (*, *) 'Using Bisection; Layered Grain’

GGVOL = 0.0

DO 11201=J+1,NL

GGVOL = GGVOL + PX (8,1, 3)
1126 CONTINUE
C*tt**tlﬁ#*t&**tttt* TARGET IS UNBURNED VOLUME IN LAYER k%% sksksesobokaokbokdokbok

TARGET = (PX 4, ], 3) - XMB)/PX (4, ], 1)

Covssrrbevsrssesssssvns NEED BRACKET FOR SEARCH, BISECTION METHOD **%%+*

IF (PX (1, J, 5) .GT. 0.0) THEN

X1=PX (1,1,5)

ELSE

X1=PX(1,1,1)

END IF
C‘#tttt‘ti‘#t#*ttt#llt‘t&tt&tt&ttt‘t&ttttt&ttttllll#ttttttttt*t#tt#t&*#t*ttt
Ctt‘#tt'ﬁttttttttttt# 'I'EST To SEE [F PROPER LOWER VALUE LA i3 22122 E R
Ctt#t&*ttttttttttttt TARGE]‘_TES’]‘V LESS THAN ZERO L2 TR 2222223223122 12q ]
Ctt#tttiﬂ: LA A S L I L2 LIl 2 I 112 22 3 3T a1 Pe 22213 e Tyees

IF (J .EQ. NL.) THEN

ENDL = A3 (1)
ELSE
ENDL=PX(1,J+11)
END IF
XYZST = (ENDL - X1)/10000.
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XYZST = ABS (XYZST)
1130 CONTINUE
CALL FORMT (ITYPE, SFAREA, VOLUNB, X1)
TESTV = VOLUNB - GGVOL
FUNCT = TARGET - TESTV
IF (FUNCT .GE. 0.0) THEN
X1 = X1 - XYZST
IF (X1 LT. PX (1, J, 1)) THEN
X1=PX(,J,1)
GO TO 1140
END IF
GO TO 1130
END IF

C********ll*#*#*#****#****t##*****t************************#*******t#***t

Crx¥xkxssk NEXT THE UPPER LIMIT FOR THE BRACKET IS FOUND #¥**kkusckbbhokk
C**********&************#**##*t*****t#*t**#*************t******t*******#
1140 CONTINUE
JSTOP =0
1150 CONTINUE
JSTOP = JSTOP + 1
IF (JSTOP .EQ. 10001) THEN
IF J .EQ. NL) THEN
X3=A3()
ELSE
X3=PX(1,J+1,1)
END IF
CALL FORMT (ITYPE, SFAREA, VOLUNB, X3)
TESTV = VOLUNB - GGVOL
PERC = (TARGET - TESTV)/PX (8, ], 3)
IF (ABS (PERC) .LE. CONVRG) THEN
SA = SFAREA*A3 (46)
DB = X3
GO TO 1100
END IF
GO TO 1160
END IF
X3 = X1 + XYZST
CALL FORMT (ITYPE, SFAREA, VOLUNB, X3)

C*‘U‘**““t‘t“#t‘*tt**#t‘&t#tt*&#*‘#t*tt‘tt‘l**“#t#tttlt"tt#tttt#t#tt

Cesvsssunnssnssss SEE IF WE HAVE A MATCH #%#s%sssssssssbssvssssssssbsbss
el t L L T T T T T
TESTV = VOLUNB - GGVOL
PERC = (TARGET - TESTV)/PX (8, J, 3)
IF (ABS (PERC) .LT. CONVRG) THEN
DB = X3
SA = SFAREA*A3 (46)
GO TO 1100
END IF
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FUNCT = TARGET - TESTV
IF (FUNCT .LE. 0.0) THEN
X1 =X3
GO TO 1150
END IF
1160 CONTINUE

(Cotesestesieate sk s s oo ool o e obe oo s ol abe ol ol o o e sl ae ol e sl e oo o e ol ol sl ool e s s ol e o o o o ol ok e sl e s o e o e sk sl de sk e e sk ok
Cdokdekakdedkokodedokok ok dok k BRACKET HAS BEEN FOUND * %%k d ek dok ook ool s sk e ok e ok ko
C********************#*****************#*******#************************
C**********#*****t*t***#********#***i****#***********#**##*********#****

Cdkkkkkkkkk NOW WE START THE BISECI‘ION METHQD sk beake e abe s ak s s ae b s s sk b o sk ke e

C*************‘****t*&**************#*****************#***************#*

CHtsrkssnnskss FIRST THE MIDPT IS COMPUTED %%k kbbb ke o ok ok e e ok
o e e
1170 CONTINUE

X2 = (X1 + X3)/2.

CALL FORMT (ITYPE, SFAREA, VOLUNB, X2)

TESTV = VOLUNB - GGVOL

F2 = TARGET - TESTV

PERC = F2/PX (8, J, 3)

IF ((ABS (PERC) .LT. CONVRG) .OR. (ABS (X3 - X1) .LT. .000001)) THEN
DB = X2
SA = SFAREA*A3 (46)
GO TO 1100

END IF

IF (F2 .GT. 0.0) THEN
X3 = X2

ELSE
X1 = X2

END IF

GO TO 1170

END IF

Corerdtbd b b s b bbb bbb e b s e bbb bbbt bbbk bk kbbb kb ek kb bk kb k kb k ok

Cttt“t‘*tt#“#‘lt.‘ LOWER LIMIT OF IN'TEGRATION (A2 I P2 TR 2 2222 dd) g

C‘tt‘t*‘ﬁitt*tt‘***t*t*“t"“.‘ttﬁ‘ti#tttt‘&#“‘**t**#t*t“t*ttttttt#tt

XS=PX(1,],1)
C“t‘ti#itt&titt*ttttt.t.tii“““t“t#tttttttttttt*&**i*‘t*t*&ti*ttt‘tt
C Need to determine an interval for the upper limit of integration
C will then use a bisection method to determine the depth burned.
Ct&tt&t*““t‘tt‘tt‘ttt‘tttttt&ttt&“ttttt#t“‘tt‘&ttt‘t‘ttttttttttttttt

Cusssss FIRST THE MAXIMUM POSSIBLE UPPER LIMIT IS DETERMINED ##*¢#¢sseses
CrHestsstssssstsisastssiitssssss sttt isbsbs sttt sssssssssbssssssssstsssss
IF (J .EQ. NL) THEN
XMAX = A3 (1)
ELSE
XMAX =PX(1,)+1,1)
END IF
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C*t*#*ttt*tt*t********#*************************************************

Ce##+sxsx NEXT THE INTERVAL FOR THE UPPER LIMIT IS DETERMINED ¥*¥¥ kb

Ctt&ttt*t*tt*t*t*t#tt**#*****************************#***#*****#********

Cssxssssnssssrs CASE I: WE HAVE INTEGRATED ON THIS LAYER BEFORE ****#**
C##*t****#*#****##****#**#***#**********************#*******************
IF (PX 4, J, 5) .GT. 0.0) THEN
IF (PX (4, J, 5) .EQ. XMB) THEN
DB =PX (1, J, 5)
CALL FORMT (ITYPE, SFAREA, VOLUNB, DB)
SA = SFAREA*A3 (46)
IF (IFLAG .EQ. 2) THEN
RETURN
ELSE
CALL IGRALS (XS, J, DB)
RETURN
END IF
ELSE IF (PX (4, J, 5) .GT. XMB) THEN
XL = PX (1,1, 5)
VAL = PX (4,1, 5)
Q = (XL - PX (1, J, ))10.
DO 118011 = 1, 10
XR=XL-Q
IF (XR .LE. XS) THEN
XR = XS
VAR = 0.0
GO TO 1190
END IF
XDEL = XR - XS
XSTEP = XDEL/300.
PDEL =PX (4,).2)-PX 4,), 1)
XDEL] = XMAX - XS
SUM = 0.0
DO 12001 = 1, 301
XI = XS + (I - 1)*XSTEP
CALL FORMT (ITYPE, ASURF, VOLUNB, XI)
FCN = ((PDEL/XDEL1)*(XI - XS) + PX (4, J, 1))*ASURF
IF (I .EQ. 1) .OR. (I .EQ. 301)) THEN
SUM = SUM + FCN
ELSE
SUM = SUM + 2.*FCN
END IF
CONTINUE
SUM = SUM*(XDEL/600.)
IF (SUM .EQ. XMB) THEN
DB = XR
PX (1,J,5)=DB
PX (4, ), 5) = SUM
CALL FORMT (ITYPE, SFAREA, VOLUNB, DB)
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SA = SFAREA*A3 (46)
IF (IFLAG .EQ. 2) THEN
RETURN
ELSE
CALL IGRALS (XS, J, DB)
RETURN
END IF
ELSE IF (SUM .LT. XMB) THEN
VAR = SUM
GO TO 1190
ELSE
XL = XR
VAL = SUM
END IF
1180 CONTINUE
ELSE
XR =PX (1, 1], 5)
VAR =PX 4,1, 5)
Q = XMAX - XR)/10.
DO 121011 =1, 10
XL=XR+Q
IF (XL .GT. XMAX) THEN
XL = XMAX
VAL = PX 4, ], 3)
GO TO 1190
END IF
XDEL = XL - XS
XSTEP = XDEL/300.
PDEL=PX 4,1,2)-PX 4,1}, 1)
XDFEL1 = XMAX - XS
SUM =00
DO 12201 = 1, 301
X1l = XS + (I - 1)*XSTEP
CALL FORMT (ITYPE, ASURF, VOLUNSB, XI)
FCN = ((PDEL/XDELI1)*(XI - XS) + PX (4, J, 1))*ASURF
IF (0 .EQ. 1) .OR. (I .EQ. 301)) THEN
SUM = SUM + FCN
ELSE
SUM = SUM + 2*FCN
END IF
1220 CONTINUE
SUM = SUM*(XDEL/600.)
IF (SUM .EQ. XMB) THEN
DB = XL
PX (1,],5)=DB
PX 4, J, 5) = SUM
CALL FORMT (ITYPE, SFAREA, VOLUNB, DB)
SA = SFAREA*A3 (46)
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IF (IFLAG .EQ. 2) THEN
RETURN
ELSE
CALL IGRALS (XS, J, DB)
RETURN
END IF
ELSE IF (SUM .GT. XMB) THEN
VAL = SUM
GO TO 1190
ELSE
XR = XL
VAR = SUM
END IF
1210 CONTINUE
END IF
ELSE

Credesesok sk sk sk sk s sk ok sk o s ol ae s e o e ol ae ok o o ok e sl ae o ke o a ok S e ae e o ke ol ol o ksl e b ae sl ol ke sl o ok ok kol ok ok

Chassrmnbmnkskskiss NO PREVIOUS INFORMATION % ook ke ook ok ok e e ok
aaad et L T T T e TR
XR = XS
VAR =00
XL = XMAX
VAL =PX 4, ], 3)
END IF
1190 CONTINUE

C‘*#**#*#‘###‘i***‘#““"#‘&#ti#‘**##*ttt*#tl’l#*‘*&*#‘#*****&t*#t#t##*#t

C#*‘*****#&‘**“ MIDPOINT USED "ro FIND DEP‘[‘H dhhkkhs kb kbR

Ct*ll**#*‘t#‘#*‘t‘.t*#tt#t#t*ttttt&t#ltititt*t*ll‘*##*****#*‘&**#*‘#**#*‘t

C““*“‘*“““‘ 'rES'r To END THE SEARCH: DELTA x < '(xml e e e e ol e e e ke
C‘#“***“‘*‘**‘*‘“‘t“"‘*‘**“‘tt‘**‘*#“*‘#“*‘***‘*‘*‘***"*-“*“‘
XDELTA = XL - XR
IF (XDELTA .LT. .00001) THEN
DB = (XL + XR)/2.
PX(1,),5 =DB
PX 4,1, 5) = (VAL + VAR)/2.
CALL FORMT (ITYPE, SFAREA, VOLUNB, DB)
SA = SFAREA*A3 (46)
IF (IFLAG .EQ. 2) THEN
RETURN
ELSE
CALL IGRALS (XS, J, DB)
RETURN
END IF
END IF

C“““‘t“‘.““.‘tttt‘t‘i..tt‘t‘00‘.‘0‘...“..‘0.“.“tt“tt.&tt‘t‘ttt

C““.‘.tt lmm"’lON ls PERFORMED FOR MIDPOINT L A2 2l i f il Ll {]]

C“.‘..'-‘.‘.‘.".““““‘.ttttttlttttt&.t.“"‘..0““"“‘..'##‘.““#

XTRY = (XL + XR)2.

320




£

v FRE TS SRR ‘«...w':.'ﬁ_-—-—l_—_—————

XDEL = XTRY - XS
XSTEP = XDEL/300.
PDEL = PX (4, J, 2) - PX (4, J, 1)
XDEL! = XMAX - XS
SUM = 0.0
DO 1230 I = 1, 301
XI = XS + (I - 1)*XSTEP
CALL FORMT (ITYPE, ASURF, VOLUNB, XI)
FCN = ((PDEL/XDEL1)*(XI - XS) + PX (4, J, 1))*ASURF
IF (0 .EQ. 1) .OR. (I .EQ. 301)) THEN
SUM = SUM + FCN
ELSE
SUM = SUM + 2.4FCN
END IF
1230 CONTINUE
SUM = SUM*(XDEL/600.)
PERC = ABS ((SUM - XMB)/XMB) |
IF (PERC LT. CONVRG) THEN
DB = XTRY |
PX (1, ), 5) = DB |
PX (4, 1, 5) = SUM |
CALL FORMT (ITYPE, SFAREA, VOLUNB, DB) |
SA = SFAREA*A3 (46) |
IF (IFLAG .EQ. 2) THEN ;
RETURN |
ELSE
CALL IGRALS (XS, J, DB)
RETURN ;
END IF |
\
|

ELSE IF (SUM .LT. XMB) THEN
XR = XTRY
VAR = SUM
GO TO 1190 |
ELSE |
XL = XTRY |
VAL = SUM |
GO TO 1190 }
END IF J
RETURN ‘
END ‘
C#t*#**#‘tttttt**t*****#****l‘l*##*l"*******#*************&*#***#*********t |
Ct
C*t#***tt*#******t**t SUBRO[JTINE FORMT e 2 e 2 2 e e afe sk abe s e sie 2k e e o i s 2 e a2 ke s e e ol e ko ok
*
g#t#tt*&*tthﬂlttt***t***##t#ttt***#***********W-***&****************#**t*
C* i
C ICODE: code for type of grain
C R : bumn depth
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GL.: unbumed grain length

D : unbumed outer diameter

PD: unbumed perforation diameter

W1, WM, WO: inner, middle and outer webs respectively

Output:
SFAREA: surface area
FRCSFA: surface area/initial surface area
VOLUNB: unbumed volume
VOLBRN: bumed volume
FRCBRN: bumed voiume/initial volume
VOLMAQO: unbumed volume of outer layer
VOLMBO: unbumed volume of inner layer
VOLABR: bumed volume of outer layer
VOLBBR: bumed volume of inner layer

plololeloloicis ke NoivErEoNoNo oKy

o e 2 ok e 3 3k s e 3 o M 3 e 3 o e af afe o sk 2 3k ok 3k o e 3k ke ok 3k 3 ok e 2k o 25 ok ok e ak ofe ak b e ok 2 dk ok e a2k e s e e ok o ok ke afe e ok ok ok o o e ok

SUBROUTINE FORMT (ICODE, SFAREA, VOLUNB, R)
COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)
DIMENSION S7 4), S19 (3, 4)

DATA RT/1.732050808/, P13/1.047197551/, P1/3.141592654/

C*#&**’k********************#********************************************
C*****#************** SET' GRAIN GEOL{E’I‘RY b e 2 2k o ok e 2k 23w o 3 3 3 2 M e e e afe 2 2 3 ofe ok ok ak o e e
C**************#***t#***************#*****t*****************************

GL = A3 (7)
D= A3 (8)
PD = A3 (9)
WI = A3 (10)
WM = A3 (11)
WO = A3 (12)

C******lk****##*#****#*********************l‘l****************#*******k#**#

CHawxkddx Set U = 2*(depth burned) and branch 1o grain type **#*¥kkukkkx
C***********#***t*t***t!ﬁ*###**iulut************t****#*********************

U =20*R
C******ttt*#*#**********t***lhlllulnlnk**#****t*************t****t**t*****#**
C********t**##******&** CIGARE'I'I'E GRAIN e e e o 3k e 2 e e ae ke aje s ae ok abe afe ale o afe o e afe ake a e e ke ok o 2k o
Ct*lt*#l&t*ttlﬂtt******#*t*#***************************#****#***t#*********

IF (ICODE .EQ. 13) THEN
SFAREA = PI*D*D/4.
VOLUNB = (GL - R)*SFAREA
RETURN

END IF

C**l*##ttt&t#tt*t*##t**tt*#***************#***************#t*****#******

Cressasnsssrssssss Al 1 OTHER GRAINS ARE HANDLED #%#% %k ook ook sk
T e T

GO TC ( 1000, 1010, 1020, 1030, 1040, 1050, 1060, 1070,

1 1080, 1090, 1100, 1110), ICODE

C*tt**i#ittt‘t&t*&&‘l##‘*‘&**‘*it*******tt*t**##****#‘*****#**t#**#*##*t#
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C#**************#*t* CODE 1: 7'PERF GRA[N ke 3 30 3 3 e e 20 afe a2k e e e o afe o o e i S o o ale 2 e e ok
Ct#******#*******#**tttt**##******##t**##*****t********##**#**#***#**&tt
(C*** This part calculates the conditions before the grain bums.
C*******‘**tttt************#tt**t**##t******t**t*******#***t**t*********
1050 CONTINUE
D = 3.0*PD + 2.0%(WI + WO)
ED = PI*(D**2 - 7.0*PD**2)/4.0
S0 = PI*(D + 7.0*PD)*GL + 2.0*E0
VO = EO*GL
WW = Wl + PD
DO 1120K=1,3
S7 (K)= WW
1120 CONTINUE
WEBC = AMIN1 (WO, WI, GL)

etk sk b sk o e ok s e e b o e o ook o oo b o b ok o e o e o ol e sl ol o e o e o o o ool e ak e sk o o ok o o ke o ol ok ok o ik

C*** This part does the calculations for the buming grain.
C***#**#***#*##**#*#**#*#***#*********llllll*********#**********************

GRL = AMAX1 (GL - U, 0.0)

oD=D-U

PRFD=PD + U

IF (U .GT. WEBC) GO TO 1130

E = PI*(OD**2 - 7.0*PRFD**2)/4.0

SFAREA = PI*(OD + 7.0*PRFD)*GRL + 2.0*E

FRCSFA = SFAREA/SO

VOLUNB = E*GRL

VOLBRN = VO - VOLUNB

FRCBRN = VOLBRN/VO

RETURN

(C ks sk e db o e sl de sk o o e ok o e b ae e e e o ae o o s o e o e e ok o ke 2k o ok o b ok o e ok e e o ae ko ae o ol ok o e o o ok ook s e o ok ok ke

C*** This part does the calculations for when the grain slivers, *#*%**
C******lHuk#*#t*****t#****!Hl***##**##****IHI*********#********#***********
1130 CONTINUE

CALL GENIS (87, PRFD, GRL, SF1, GV1)

CALL GENOS (87, PRFD, GRL, 0.5*0D, SF2, GV2)

SFAREA = 6.0%(SF1 + SF2)

FRCSFA = SFAREA/SO

VOLUNB = 6.0%(GV1 + GV2)

VOLBRN = V0 - VOLUNB

FRCBRN = VOLBRN/V0

RETURN

C#****ttt**#ttt*********##*t***********#*#***t**********#*******#*#*#*t*
C*****t##**ttt*****# CODE 2: I-PERF GRA]N 2 ae a3 2 e 2 e 3k e e ke b ok 3 3 2 e e de afe o o o 3 2 ok
C**#*********#tt‘#*#t**##*‘****#&t*#*******#**********#****t**#*****#***
C*** This part calculates the conditions before the grain bums.
C##*‘***t#‘**t‘t#t*t**tt*t##****l‘n‘lt*#t**t#**#lk***********t**#**#********
1030 CONTINUE
D = PD + 2.0*WI
EO = PI*(D**2 - PD**2)/4.0
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S0 = PI*(D + PD)*GL + 2.0*EO
VO = EO*GL
WEBC = AMINI1 (GL, WI)

C**********‘****ﬁ*#**t*ttﬁ******#***********#***********t*#************#

Cax#dxx This part does the calculations for the burning grain, ***¥x**
C*******#*###*t****#*#*t##**&tt*************#t***********t#********t****
IF (U .GE. WEBC) THEN
GRL = 0.0
E=00
GO TO 1140
END IF
GRL=GL -U
OD=D-U
PRFD=PD + U
E = PI"(OD**2 - PRFD**2)/4.0
1140 CONTINUE
SFAREA = PI*(OD + PRFD)*GRL + 2.0*E
FRCSFA = SFAREA/SO
VOLUNB = E*GRL
VOLBRN = V0 - VOLUNB
FRCBRN = VOLBRN/V0
RETURN

C******t***t**********************************#*************************
C#****t*******t#**** CODE 3: CORD GRAIN e 2 e 2 2 2 e e o e 2k 2 e afe 2 e 3 ok o d ke ok a3 ol e e e deake
Ct**t#*t***#**t********t**t********&*********#********t#*******’k******t*
C*** This part calculates the conditions before the grain burns, ***¥**
C#*********#***#*t*****ll***t*tlﬂl***llt**t********************************
1010 CONTINUE

SO0 = GL*PI*D + PI*D**2/2.0

V0 = GL*PI*D**2/4.0
C*** This part does the calculations for the buming brain.

GRL = AMAXI1 (GL - U, 0.0)

OD = AMAX1 (D - U, 0.0)

E = PI*OD**2/4.0

SFAREA = PI*OD*GRL + 2.0*E

FRCSFA = SFAREA/SO

VOLUNB = GRL*PI*OD**2/4.0

VOLBRN = VO - VOLUNB

FRCBRN = VOLBRN/V0

RETURN

C*##**t*#**#******#**tt****#******#********************#***************#

Créskkkskmbkkkbsikks CODE 4: RECTANGULAR STRIP GRAIN  #*#k ks bk
sk ok ok o oo oA R o oo oo ok o e
1020 CONTINUE
SO = 2.0%(GL*D + D*WI + GL*WI)
VO = GL*D*WI
GRL = AMAX1 (GL - U, 0.0)
DS = AMAX1 (D - U, 0.0)
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WIS = AMAX1 (WI - U, 0.0)

SFAREA = 2.0%(GRL*DS + DS*WIS + WIS*GRL)
FRCSFA = SFAREA/SC

VOLUNB = GRL*DS*WIS

VOLBRN = V0 - VOLUNB

FRCBRN = VOLBRN/VO

RETURN

ket abedeake e s beob oot e ale ol e ool o ke o ae ol e e X b o s al o ol o ke o o sl o e o e e o o ok o e o e sl o e ae sl s sl ol ol o ae o ok s ol ol el ke sk e

C#**********#t*#***# CODE §: SPHERICAL GRAIIN  deokedoneaoaieateskok e ko ok ok kool ook ok

(et el e o s ol o s e s s e ok o b ol ol o ol o s o e o ol ol b ol o o o e e o e o e o o b e ke o e b e e ol s s s el e b ool ok o ok ol ke

1000 CONTINUE
SO = PI*D**2
VO = PI*D**3/6.0
OD = AMAX1 (D - U, 0.0)
SFAREA = PI*OD**2
FRCSFA = SFAREA/SO
VOLUNB = PI*OD**3/6.0
VOLBRN = VO - VOLUNB
FRCBRN = VOLBRN/VO
RETURN

Crie ekl sk s ot ol sl s ol ok i e e s e o s s s ol o e ok e o o b e o e sk ook o ok sl ke ol s ale s st o ol s ool o ek ol e e ke

C************#***** CODE 6: SLO’I’]‘ED_TUBE GRAIN e 2 2k o ok e ok 3 o o de s 2 a ofe de e ok ke a ol e ok

Crkeste ek e s e ot s ke e s s o ok o b s oo e ol e o e el ae e ol e o o sl o e e e ol sl s ko e o e o o ke ko o o o ok ol ok o ok o ok ae ks ok ke

C*** This part does the calculations before the grain bums, *#¥x%skiokk
C******#***##**tt******#****tt***********************&******************
1040 CONTINUE

SLOT = 0.5*WM

SO = 0.5*D

SI = 0.5*PD

THETA = ASIN (SLOT/SO)

ALPHA = ASIN (SLOT/SI)

EO = (PI - ALPHA)*(SO**2 - SI**2) + (SO - SI)**2*ALPHA

SO = 2.0%((PI - ALPHA)*SI + (PI - THETA)*SO + (SO*CQOS (THETA)

1 - SI*COS (ALPHA)))*GL + 2.0*EQ

VO = GL*EO

WI = SO - SI

WEBC = AMIN1 (GL, WI)

(Crtee sk sk st e b o oo e s ab i o o s b o e o ool al o o afe s ol ok e e o e s o ol s o o b o o o o e o e o ol ol e o ol ol o o o e bk o ke ol ok sk ok

C*** This part does the calculations for the buming grain, *%#**«¥*&sus
Ct**t*t‘#‘ttttt*t*****##tt##*t*t*tt**lllll*ttt**t********#****t*##*****#**t
IF (U .GE. WEBC) THEN
GRL = 0.0
E=00
GO TO 1150
END IF
SLOT = 0.5%(WM + U)
SO =05*D-U)
SI = 0.5*(PD + U)
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GRL=GL-U
THETA = ASIN (SLOT/SO)

ALPHA = ASIN (SLOT/SI)

E = (PI - ALPHA)*(SO**2 - SI**2) + (SO - SI)**2*ALPHA

1150 CONTINUE

SFAREA = 2.0%((PI - ALPHA)*SI + (PI - THETA)*SO + (SO*COS (THETA)
1 - SI*COS (ALPHA))*GRL + 2.0%E

FRCSFA = SFAREA/SO

VOLUNB = E*GRL

VOLBRN = V0 - VOLUNB

FRCBRN = VOLBRN/V0

RETURN

C**************#*********#**********#******************lﬁ*************#**

Cdkkikikksrkkkise CODE 7: ROUND-HEX 37-PERF GRAIN  ## % sk kook s sk ke
o
1090 CONTINUE

SO =18.

SI = 54.

NPERF = 37

D = 7.0*PD + 6.0*WI + 2.0*WO

GO TO 1160

(C 8 sk s b e e s s e o o e e o s o o e b o e e o o o o o ok o e o s e ool sl ol ake sk o ae sk o o o o ook o o ke e ok ok ot s ke sk ok o ok ok ok

Cxmkikbbkknssskss CODE 8: ROUND-HEX 19-PERF GRAIN  #%kkskk ok ok
Ok sk sk ik lok ook ok ok sk ksl ol KR ok ko ok ok koo s ok o
1080 CONTINUE
SO =120
SI =24.0
NPERF = 19
D = 5.0*PD + 4.0*WI + 2.0*WO

(2%t s b o e sl ab e e oo e e ol ae sl o e b b o ae ol e b o o o o o ok o o e o o e sl e ko ol sk ol e af o sk ok ol e i o e ok o ol ke o e ok ok sk ok ok ik ok

C********#t****t**t CALCULATIONS FOR CODES 7’8’10 ok 2k 3 e 3 ofe e e ofc e o a3 3 aje afe e o ik
C**#*#*#***#*******t*#*****#***************t*********#*********#********
1160 CONTINUE

WW = WI + PD

WW2 = WW**2

PRFD=PD + U

PRFD2 = PRFD**2

GRL = AMAX1 (GL - U, 0.0)

E=00

THETA = 2.0*ACOS (AMIN1 (WW/PRFD, 1.0))

ALPHA = ACOS (AMIN1 ((2.0*WO + PD - U)/PRFD, 1.0))

IF (U .LT. WO) E = 0.25*PI%((2.0*WO + PD - U)**2 - PRFD2)

IF (THETA .GE. PI3) GO TO 1170

E = E + SI*0.25%*(WW2*RT - 1.5*PRFD2*(SIN (THETA) + PI3 - THETA))
1170 CONTINUE

IF (ALPHA .GE. 0.5%(PI - THETA)) GO TO 1180

E = E + SO*0.125%(2.0%(2.0*WO + PD - U)*(2.0*WW - PRFD*SIN (ALPHA))

1 - PRFD2*(SIN (THETA) + PI - 2.0*ALPHA - THETA))
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1180 CONTINUE
IF (2.0*WO + PD LT. WI) THEN
WRITE (¥, *) "*FORMT* BAD HEX PROP’
PAUSE
GO TO 1190
END IF
VOLUNB = E*GRL
Chrdsrnmmkkrkkksins TEST TO SEE IF GRAIN CONSUMED * %k k ko sk ook ok
IF (VOLUNB .LE. 0.0) THEN
SFAREA = 0.0
VOLUNB = C.0
GO TO 1190
END IF
Crrbknrkmiikikkikkkkikkk NOW THE SURFACE AREA * &bk sk ook ko
PH = D/2. - WO - PD/2.
IF (U .EQ. 0.0) THEN
SFAREA = 2.*E + GRL*PH*6. + NPERF*PI*PD*GRL + PI*GRL*(2*WO + PD)
GO TO 1190
END IF
Crkkmik kb kkkkkbakkikkkkkNO SLIVERING YET* koo skok ok o koo e ok oo
IF (WO .GT. U) .AND. (WI .GT. U)) THEN
SFAREA = 2.*E + NPERF*(PD + U)*GRL*PI + 6.*PH*
1 GRL + PI*(2.*WO + PD - U)*GRL
GO TO 1190
END IF
Crrkmkikbkkkkiohkkk NOW SLIVERING %% %ok ootk ook sk ook ok sk
SFAREA = 2.*E
CHéswiokinmpkikkkkkhdntss FIRST THE INNER SLIVERS H#kk sk sohkokdokkoh
IF (THETA .GE. PI3) THEN
GO TO 1200
ELSE
SFAREA = SFAREA + 1.5*PRFD*GRL*(PI3 - THETA)*SI
END IF
1200 CONTINUE
CHrsrinssssrrkss NOW THE OUTER SLIVERS & CORNERS *%% ¥ % kb o ook ook
CHrsksnnkrknkkhhbkksk CORNERS NOT CONSUMED %%k o ek koo e o sk e
IF (WO .GT. U) THEN
SFAREA = SFAREA + PI*(PD + 2.*WO - U + PRFD)*GRL
END IF
CHesrrkbkshnkkbsbkkbkk kst NOW OUTER SLIVERS®* %% %k st koo oo ko ok ok ok
IF (ALPHA LT. .5%(PI - THETA)) THEN
SFAREA = SFAREA + (WW - PRFD*SIN (ALPHA))*GRL*SO +
1 PRFD*GRL*(P1/2. - ALPHA - THETA/2.)*SO
END IF
1190 CONTINUE
RETURN
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C*t****#*#**tt******#********tt****#*****#**t*#***********t*************
C*##***#**###tt#tt#* CODE 9: lg_PERF GRA]N ol e 30 a0 2k ke e e e o e d e s e ab a2 o o o b ok ok b e o
C*t***#*###*t###**###*t#*####t**t*****#*****t**#***#*****#*#*t********t*
C*** This part calculates the conditions before the grain burng *#*##sxs*
C******t#**#tt#**t*t*********#*#********#****#*#********#t#**t********#*
1070 CONTINUE

D = 5.0*PD + 2.0%(WI + WM + WO)

EQ = PI*(D**2 - 19.0%PD**2)/4.0

S0 = PI*(D + 19.0*PD)*GL + 2.0*E0

VO = EO*GL

S19(1,1) =WI+PD

S19(2,1H)=S8S19(1, 1)

S19@3,1)=S819(1,1)

S19 (1, 2) = 0.5%*SQRT (3.0%(WM + PD)**2 + (WI + PD)**2)

S$19(2,2)=S19(1,2)

S19(3,2) =819 (1, 1)

S19 (1, 3) = PD + 0.5%(WI + WM)

$19(2,3)=S19(,2)

S19(3,3) = WM + PD

S$19(1,4)=S19(1, 3)

S$19 (2, 4) =2.0*S19 (1, 3)

S19 (3, 4) = S19 (1, 3)*RT

WEBC = AMIN1 (WO, WM, WI, S19 (1, 3) - PD, S19 (1, 2) - PD, GL)

C**l‘l**t**ﬂl*************#tt**#***********#************************&****#*

C*** This part does the calculations for the buming grain, *¥*¥kkickkduck
C********#*t****************&*******#***#****#*****************t********

GRL = AMAX1 (GL - U, 0.0)
oL T e

OD=D-U

PRFD =PD + U

IF (U .GE. WEBC) GO TO 1210

E = 0.25*PI*(OD**2 - 19.0*PRFD**2)

SFAREA = PI*(OD + 19.0*PRFD)*GRL + 2.0*E

FRCSFA = SFAREA/SO

VOLUNB = E*GRL

VOLBRN = VO - VOLUNB

FRCBRN = VOLBRN/V)

RETURN

1210 CONTINUE

SUMSA =00

SUMGV = 0.0

DO 1220K=1,2
CALL GENIS (819 (1, K), PRFD, GRL, SA, GV)
SUMSA = SUMSA + 6.0*SA
SUMGYV = SUMGYV + 6.0*GV

1220 CONTINUE
CALL GENIS (S19 (1, 3), PRFD, GRL, SA, GV)
SUMSA = SUMSA + 12.0*SA
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SUMGV = SUMGYV + 12.0*GV

CALL GENOS (S19 (1, 4), PRFD, GRL, .5*OD, SA, GV)
SUMSA = SUMSA + 12.0*SA

SUMGYV = SUMGV + 12.0*GV

SFAREA = SUMSA

FRCSFA = SFAREA/SO

VOLUNB = SUMGV

VOLBRN = VO - VOLUNB

FRCBRN = VOLBRN/V0

RETURN

Ok ok kbR ook ok ok ok sk ok dok skl ok okl kR ok ok ok ok

(Coledobe sl sk ot o sl s e ok ool e ok e o e CODE 10: ROUND,HEX 7-PERF GRAIN O e a2 3 afe e 2 e a2 o o e o oo

C**&**************#*****#t#*****ttt*&******************t#*****&*******tt

1060 CONTINUE
S0 =60
SI =60
NPERF = 7
D = 3.%PD + 2*WI + 2*WO
GO TO 1160

C******#****#*##*****#tt#***#*****************************&************#

C**##*#***t#t#t*t*** CODE ]1 CORD WITH ]NH]BITED ENDS e ade e e e 2e 2 2 2je o e e e e ol ol ke
C*##**#*#ut#t******#**tt****#*#**t#**:an**-l-sunktt*********it#t****t***#t*
C This routine will only calculate the surface arca of the lateral surfa
Cces.
C It wili noi calculate ihe surface area of the inhibited ends. *##¥%¥k*
Ctll**&‘:******t*********t*#t*#*'«*********t**********t********#t*****##****
1100 CONTINUE

SO = GL*PI*D

VO = GL*PI*D**2/4.0
C **** This part does the calculations for the buming grain

OD = AMAX1 (D - U, 0.0)

SFAREA = PI*OD*GL

FRCSFA = SFAREA/SO

VOLUNB = GL*PI*OD**2/4.0

VOLBRN = VO - VOLUNB

FRCBRN = VOLBRN/VO

RETURN

C*#**###*#***************t#****************#***t!************#*#********

Ch¥xrnikid CODE 12: RECTANGULAR STRIP GRAIN WITH INHIBITED SIDES *#***%*
Ct*t**##**!nt*t**#****#**lﬂlr‘lt#*#***#*t*llltt***#*****t**#t#******#*#*t****#
C This routine will only calculate the surface area of the two burning s
Cides.
C It will not calculate the surface area of the inhibited sides.
C###‘#t#tt#****t*#llnt**#*t***###tt#*#tt*****‘*#t*t**t********#*##t****t**
1110 CONTINUE
SO = 2.0*GL*WI1
VO = GL*D*WI
VOLMAO = (D - WI)*GL*WO
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VOLMBO = WI*GL*WO
C**t#tt#t*ltt***t**t*#****‘#*tt**#*W‘*******************t*************t*
C *** This part does the calculations for the buming grain

DS = AMAX1 (D - U, 0.0)

SFAREA = 2.0*GL*WI

FRCSFA = SFAREA/SO

VOLUNB = GL*DS*WI

VOLBRN = VO - VOLUNB

FRCBRN = VOLBRN/VO

IF (DS .GE. WI) THEN

VOLABR = VOLBRN
VOLBBR = 0.
ELSE
VOLABR = VOLMAO
VOLBBR = VOLBRN - VOLABR

END IF

RETURN

END

C*************#‘#tt***#*******t***#****t************i*************#****
C*********##***#***#*tt***#**#**t#*****ttt********##********************

C

C SUBROUTINE *GENIS*: calculate surface arca and volume for a
general inner sliver of a buming grain

with length = GRL & perforation dia. = PRFD.

oXo K]

SUBROUTINE GENIS (S, PRFD, GRL, SURF, VOL)
DIMENSION S (3), A (4)
DATA PI2/1.5707963/

*akxkrkaxs . Store angles A1,A2,A3 and arca of triangle
with sides S(1),S(2),S(3) into A(1)...A(4)

anNnoan

A (1) = ACOS ((S (2)**2 + S (3)**2 - S (1)**2)/(2.0*S (2)*S (3)))
A (2) = ACOS ((S (1)**2 + S (3)**2 - S (2)**2)/(2.0*S (1)*S (3)))
A (3) = ACOS ((S (1)**2 + § (2)**2 - S (3)**2)/(2.0*S (1)*S (2)))
A (4) = 0.5*S (1)*S (3)*SIN (A (2)

...check for emor condition: find if triangle acccptable...

eReXe'

J=0
DO10001=1,3
IF(Ad).LT.0.5*PI12) J =) + 1
1000 CONTINUE

IF (J .GT. 1) STOP * GENIS ERROR’
C
C
C succeeding passes until bumout: find auxiliary angles
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TAU12 = ACOS (AMIN1 (1.0, S (3)/PRFD))
TAU13 = ACOS (AMIN1 (1.0, S 2)/PRFD))
TAU23 = ACOS (AMIN1 (1.0, S (1)/PRFD))

...and branch to 25 if sliver fails burnout criteria. If not
then sliver is bumed and go to 30.

oo NoNop!

IF (TAU!2 + TAU13 + TAU23 .LT. PI2 .AND. GRL .GT. 0.0) THEN
GO TO 1010
ELSE
GO TO 1020
END IF
C
C
C sliver not bumed out: determine end area, volume and surface arca
C
1010 CONTINUE
E = A (4) - 0.25*PRFD*(S (1)*SIN (TAU23) + S (2)*SIN (TAU13)
1 + S (3)*SIN (TAUI12) + PRFD*(PI2 - TAU12 - TAUI13 - TAU23))
VOL = E*GRL
SURF = 2.0*E + GRL*PRFD*(PI2 - TAU12 - TAUI13 - TAU23)
..and RETURN
RETURN

sliver is bumed outl: return with zero volume and surface arca.

- 000 000 0O 0O

020 CONTINUE
VOL = 0.0
SURF = 0.0
RETURN
END

Ct*tit*t**ttt.#t‘i‘tt*#‘*tt““#*t‘#t#&‘*.**“‘t‘t*t&tit‘tt.**t*‘#l#tt*

C SUBROUTINE "GENOS" : Calculates surface area and volume for a

C general outer sliver of a buming grain

C with length = GRL, radius = RAD, and

C perforation diameter = PRFD

C
SUBROUTINE GENOS (S, PRFD, GRL, RAD, SURF, VOL)
DIMENSION S (3), A (4)

C

C sesessusnses  Siore angles A1,A2,A3 and area of triangle

C with sides S(1),8(2).5(3) into A(1) ...A4)

C
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A (1) = ACOS ((S (2)**2 + S (3)**2 - S (1)**2)/(2.0*S (2)*S (3))
A (2) = ACOS ((S (1)**2 + S (3)**2 - S (2)**2)/(2.0*S (1)*S (3)))
A (3) = ACOS ((S (1)**2 + S (2)**2 - S (3)**2)/(2.0*S (1)*S (2)))
A (4) = 0.5*S (1)*S (3)*SIN (A (2))

C
cC
C succeeding passes until burmnout: determine auxiliary angles
C
TAU1 = ACOS (AMIN1 (1., (S (2)**2 + RAD**2 - 0.25*
1 PRFD**2)/(2.*S (2)*RAD)))
TAU2 = ACOS (AMINT1 (1., (S (3)**2 + RAD**2 - 0.25*
1 PRFD#**2)/(2.*S (3)*RAD)))
TAU3 = ACOS (AMAXI1 (- 1.0, (S (2)**2 - RAD**2 + 0.25*
1 PRFD**2)/(S (2)*PRFD)))
TAU4 = ACOS (AMAXI1 (- 1.0, (S (3)**2 - RAD**2 + 0.25*
1 PRFD**2)/(S (3)*PRFD)))
C
SIG = ACOS (AMIN1 (1.0, S (1)/PRFD))
C
C ...then check error conditions...
C
IF (TAU3 .LT. A (3) .OR. TAU4 .LT. A (2)) STOP ' *GENOS* ERROR’
C
C ...IF ok, check if sliver burned out. If not bumed out go to 25.
C If bumed out go to 30.
C
IF (TAU1 + TAU2 LT. A (1) .AND. GRL .GT. 0.0) THEN
GO TO 1000
ELSE
GO TO 1010
END IF
C
C
C sliver not bumed out: determine end arca, volume and surface arca.
C

1000 CONTINUE
E = 0.5*RAD*(S (2)*SIN (TAUI1) + RAD*(A (1) - TAUI - TAU2)
1+ 8 (3)*SIN (TAU2)) - A (4) - 0.25*PRFD*(S (1)*SIN (SIG)
2 + 0.5*PRFD*(TAU3 + TAU4 - 2.0*SIG- A (2)- A (3))

VOL = E*GRL

C
SURF = 2.0*E + GRL*(RAD*(A (1) - TAU1 - TAU2) + 0.5*PRFD*(TAU3
1 +TAU4-20*SIG-A(2)- A (3))

C ..and RETURN.

RETURN




C
C sliver is bumed out: retum with zero volume and surface arca.

C
1010 CONTINUE
VOL = 0.0
SURF = 0.0
RETURN
END

Ctttttlllltll*lltttttt#t#***il#tttt*#*#****##*#******#**n e 2ge 2k o e 3 e e b ok o 3 o ke ok o e aje 2 ok
Cttttttt###‘t‘*tlttt#tSUBROU‘]"INE lGRALS a2 e e e ok 38 ok 2k D dbe e ale 2 2 2 2l 3 ol afe e o ok o o afe aje ol 1% e o ke
Ctttt#tttttttt‘tt##tlltttllnll**t#l&ltlt‘ttl“l#***&**#*************t********t***
SUBROUTINE IGRALS (XS, J, DB)
C#t‘t‘tt#t#ttttt#t*tt#tttttt*tt**#t#ttltl*tt#*t******t***************t*ttt
C Version 3.0, January 1992
Cc
C This subroutine is used to compute the integrals from beginning of
C the layer to the depth burned.
y
C
Cu-tusumunu-tu-:o-u-*tu-l-tmﬂuﬂ**-uunu-mu-*au-o-*u-*#t***t**********t*****t
COMMON /ARRAYS/ A3 (100), PX (11, 15, 5)
ITYPE = INT (A3 (45) + .5)
NL = INT (A3 (4) + .5)

DO 1000 =2, 11
PX (113 5 =00
1000 CONTINUE

C#t“#t#t*l‘tt“#t‘###‘*#lt‘ttt***t**##ll***ll*lll*#***********t#**#********

C##ss¢+ FIRST THE LENGTH OF THE INTERVAL FOR PROPERTY IS DETERMINED ****
el L T T e e T T T T e T T L)
IF (J .EQ. NL) THEN
XMAX = A3 (1)
ELSE
XMAX =PX (1,1 +1,1)
END IF
XDEL1 = XMAX - XS

Ct‘.‘#t#t‘it‘i‘tt*ttttt####*&tt#**#**’l‘#**l‘l“*t#*********t*************#*

Cresvesssnnsssrussrrsss Al WAYS 300 SUBDIVISIONS *## bbb ek s
8 400 o o o ek
XDEL = DB - XS
XSTEP = XDEL/300.
DO 10101 =1, 301
X! = XS + (I - 1)*XSTEP

Ct‘&““lt‘tt‘*ﬁ#t“t“#*#‘*i#*i*il##t**#**#**#***“t*t***##***ltl*t&t#t

CALL FORMT (ITYPE, ASURF, VOLUNB, XI)
(el L T T L
DO 1020K =2, 11
PDEL=PX (K,),2)-PX (K,J, 1)

C&.‘ttttt‘tﬁ“i“t*‘t‘tttttt&&&#*‘**‘**t‘t‘*tttt******#*‘t*t#t*‘t*****t‘

C“...i“--&&‘*‘***“*t lN’I‘EGRATlON ls PERFORMED N o g e o ol o o o e o o o
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C****t#******#*****ﬁ***#***tttt*#***********#*************t************#

FCN = (PDEL/XDEL1)*(XI - XS) + PX (K, J, 1))*ASURF
IF (0 .EQ. 1) .OR. (I .EQ. 301)) THEN
PX (K, J,5) =P (K J,5)+ FCN

ELSE
PX X, J,5)=PX (K, J, 5) + 2*FCN
END IF
1020 CONTINUE
1010 CONTINUE

Cl*##**t*#*#*tt#************#***************‘*#*********************‘#*

Chassrrnkknsknsrs NOW THE INTEGRAL VALUE IS DETERMINED * ks ks
(ot e oo o oo ookl okl o ko e e

DO 1030 K =2, 11

PX (K, J, 5) = PX (K, J, 5)*(XDEL/600.)

1030 CONTINUE
1040 CONTINUE

RETURN

END
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APPENDIX L.

LISTING - PROGRAM MKOUT.FOR
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INTENTIONALLY LEFT BLANK.
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PROGRAM MKOUT

C*********tt***‘*#*********#**it*t*t#*******##*l***********************

C Version: 3.0, January 1992; Last Modified 12/31/91

C 2/28/92, cleanup

C

C Written by: William Oberle, U.S. Amy Research Laboratory
C

Cll*******#***#*t‘#*##***#*‘#*#***#*#**#****#***********#**************

CHARACTER*20 FNAME, A1 (20), A2 (6)*80, ITEMP*

1 60, LINE*132, WORD1*9,

2 WORD2*10, CHART*2, FGRF*20, NAMY, APL (30, 60)*1, A*1, NAMEI
DIMENSION A3 (100), FRAT (1024, 3), XLFRAT (1024, 3), P (11, 15, 5)
DIMENSION TAL (15, 2)

DATA APL/1800*' */
CALL CLEAR

C***t#*#**********#***#**************#*******#*t************************

C***#****t******# Reading the information ﬁle a2 e afe e e o ke s 3 e ok a3k ok a ol o o ofe o e af ok ok
C****#*******************t***#************************************#*****

WRITE (*, 6000)
6000 FORMAT(///,10X, Enter the file name.")
READ (*, 5000) FNAME
5000 FORMAT(A20)
NAME] = FNAME
1000 CONTINUE
DO10101=1,17
A = NAMEI1 (I'D)
IF (A .EQ. '.”} THEN
CALL CLEAR
WRITE (*, *) 'The file name entered has an exiension which is’
WRITE (*, *) 'not allowed. Pleasc enter a new name without °
WRITE (*, *) 'an extension.’
READ (*, 5000) NAME1
GO TO 1000
END IF
IF (A .EQ. ' ") THEN
NAME! (LI + 3) = inf"
GO TO 1020
END IF
1010 CONTINUE
1020 CONTINUE
FNAME = NAMEI1
OPEN (UNIT = 9, FILE = FNAME)
REWIND (UNIT =9)

Ct****#*##t*i***********‘**‘t*************#**************t********‘#tt*t
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DO 10301=1,6
READ (9, 5010) A2 (I)
1030 CONTINUE
5010 FORMAT(A80)
DO 10401 = 1, 20
READ (9, 5000) Al (I)
1040 CONTINUE
DO 10501 = 1, 100
READ (9, *) A3 (I)
1050 CONTINUE
DO 10601 = 1, 11
DO 1070J =1, 15
DO1080K =1, 5
READ 9, 9 P (1, J, K)
1080  CONTINUE
1070 CONTINUE
1060 CONTINUE
CLOSE (UNIT = 9)

(Ot o st e s s e o aeae e ke ol sl o s o e o e il sl o sl ok o e s o o s o sl b o o ool ok ok e o e sl o s s e ok ol e o o e o oo o sl s ok e e el e ke

Crrdikikndiriks INFORMATION ABOUT THE FIRING IS OBTAINED *#**#kkkikkkunkk
C#t#tt**tt*****#t**v***#t*t************t********************************

CALL CLEAR

WRITE (%, *) '’

WRITE (*, *) '’

WRITE (*, *) ’ Enter the date of the closed chamber firing.’

READ (*, 5000) A1 (20)

WRITE (*, *) 'Enter any comments conceming the closed chamber’

WRITE (*, *) 'firing. Three lines are required and the lines’

WRITE (*, *) 'may be blank. Include operators.’

READ (*, 5010) A2 (1)

READ (%, 5010) A2 (2)

READ (*, 5010) A2 (3)

CALL CLEAR

WRITE (*, *) 'Enter any comments conceming the data reduction.’

WRITE (*, *) "Three lines are required and the lines may be blank.’

WRITE (*, *) ’Include date and operator.’

READ (*, 5010) A2 (4)

READ (*, 5010) A2 (5)

READ (*, 5010) A2 (6)

C#*#*#*#*tlt*t***##&#“*tt#***&**t********###*##**#*t*********#**##*#t##

CHrennkbunshbrs INFORMATION IS REWRITTEN %%k ok e oo ok e ¥ o o e e
(0o o o o oo oo o o oo o oo o o o oo o oo e e e
OPEN (UNIT = 7, FILE = FNAME)
REWIND (UNIT = 7)
DO10901=1,6
WRITE (7, 5010) A2 (I)
1090 CONTINUE
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DO 11001 =1, 20
WRITE (7, 5000) A1 (I)
1100 CONTINUE
DO 11101=1, 100
WRITE (7, *) A3 (I)
1110 CONTINUE
DO 11201 =1, 11
DO1:30J=1,15
DO 110K =1,5
WRITE (7, *) P (1, J, K)
1140 CONTINUE
1130 CONTINUE
1120 CONTINUE
CLOSE (UNIT = 7)

C***********#***#********t***ttlﬁ*******#***************#*t**t*******l\**

Chsknimkirkbbkkidd OUTPUT FORM PROGRAM *#dkoskokksksksouessakom oo ook ook ko ok
Cw»¥*+ THIS PROGRAM WILL OUTPUT THE INFORMATION FROM A BRLCB ####kkkk#x

C*********#t*tt*#*******#*** ANALYSIS. sk ok ok ok sk o ek s de s s ale s o ae o o ok ook ok s
C*****#***t#tt******************t**************************************

CALL CLEAR
NAMY = Al (10)
WRITE (*, 6010)

6010 FORMAT(///,10X,'The program will produce both hard copy to’,
1/,10X, 'the printer and a disk copy of the output. Select the’,
2/,10X,’option.’,
3//,15X,'1. Hard copy to printer only.’,
4/,15X,'2. Disk copy only.’,
5/,15X,'3. Both disk and hard copy.’,
6//,10X,’Enter your choice (1-3).")

READ (*, *) IOUTCH

IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
FGRF = 'LPTI'
WRITE (*, 6020) FGRF

6020 FORMAT(//,10X, The current printer is: ’,A20,
1/,10X,'1. Accept Current Printer’./,10X,'2. Enter new choice’/
2/,15X,"Enter choice'/)

READ (*, *) IPRTE
IF (IPRTE .EQ. 2) THEN
WRITE (*, *) 'Enter new printer name.’
READ (*, 5020) FGRF
5020 FORMAT(A20)
END IF
OPEN (UNIT = 7, FILE = FGRF)
END IF
IF (IOUTCH .NE. 1) THEN
WRITE (*, 6030) Al (10)

6030 FORMAT(/,10X, Enter the file name for the output.’,

1/,10X,"WARNING THIS FILE CANNOT BE NAMED:'/,
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2/,15X,A20)
READ (*, 5000) FGRF
NAMY = FGRF
OPEN (UNIT = 2, FILE = FGRF)
REWIND (UNIT = 2)
END IF

C###**#*#*‘####ilﬁ**####t****t*#**********##t#***************#*#**t****t

CHksbnkkkkkkkrsnnsnsss OPENING GRAPHICS FILE ###*#tkkkkokkokosk ook ek o e
fap L T e T e
OPEN (UNIT = 9, FILE = A1 (17))
REWIND (UNIT = 9)

Cll**ﬁ*t##t#lt********#***#*******ﬁ&*#*t****************#****#***********

C**************&#** ]-IEADINGS ARE PRINTEL %k sk skske skeote sk e s e s ek ak s s sk s s s ok sl ook s e

C******t‘**ll************#**#**t*#*#***************##******************ﬁ

ITYPE = INT (A3 (2) + .5)

C*##**t#*t***‘**#****‘*tt*ttl*#**&**#*******#************************t#t

Chkskiiokrkikkdkkrk | OADING ARRAY TAL() FOR SUMMARY OUTPUT 3 e 3 3 2 e 3 e o e a3 ok ik

C*************‘l*************#***#***************************************

IF (ITYPE .NE. 2) .AND. (ITYPE .NE. 3)) THEN

TAL (1, 1) = 20.
TAL 2, 1) = 72.
TAL (3, 1) = 100.

TAL (4. 1) = 140.
TAL (S, 1) = 200.
TAL (6, 1) = 240.
TAL (7, 1) = 300.
TAL (8, 1) = 340.
TAL (9, 1) = 400.
TAL (10, 1) = 440.
TAL (11, 1) = 500.
TAL (12, 1) = 540.
TAL (13, 1) = 600.
TAL (14, 1) = 640.
TAL (15, 1) = 700.
END IF

C**#******‘t*******##*****************#**#***ll**********************‘**#

C#*t**************#*#*# Now THE HEADINGS %% sk skokedeadeok e s s ok sk a ol sk ok ook s ok s ek sk ok
Ct*****!t********#**************************ll!**********i*t*t*#*t*********

IF (ITYPE .EQ. 1) THEN
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6040)
6040 FORMAT(32X,'BURNING RATE ANALYSIS'/,37X,"BRLCB V3.0°,
1 122X,’ADVANCED BALLISTIC CONCEPTS BRANCH - BRL'.//)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6040)
END IF
END IF
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IF (ITYPE .EQ. 2) THEN
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6050)
6050 FORMAT(32X,’PRESSURE-TIME GENERATION'/,37X,’BRLCB V3.0,
1 /22X, ADVANCED BALLISTIC CONCEPTS BRANCH - BRL.///)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6050)
END IF
END IF
IF (AITYPE .EQ. 3) THEN
IF (IOUTCH .EQ. i) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6060)
6060 FORMAT(32X,'SURFACE AREA ANALYSIS’/,37X,’BRLCB V3.0,
1 /22X, ADVANCED BALLISTIC CONCEPTS BRANCH - BRL'//))
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6060)
END IF
END IF
IF (ITYPE .EQ. 4) THEN
IF (JOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6070)
161 FORMAT(25X,' INTERRUPTED BURNER ANALYSIS’,/,37X,"BRLCB V3
1.0°/.22X,"’ADVANCED BALLISTIC CONCEPTS BRANCH - BRL'//)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6070)
END IF
END IF
IF (ITYPE .EQ. 5) THEN
IF (JOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6080)
6080 FORMAT(32X,’ETC BURN RATE ANALYSIS’/,37X,'BRLCB V3.0°,
1 /22X, ADVANCED BALLISTIC CONCEPTS BRANCH - BRL'///)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6080)
END IF
END IF

C*##***#tt*#*#*t***#*t***#*##*lll*lk******#**#***t*#**t***#****#*#***t#*tt

C******#*#****tt#*t**** OU']'PUT IS Now PRlN'rED e s aje ale abe 2 ol afe afe 2 abe ok e de afe afe b e ofe o ae afe e aje ok
C**t#i***#*#t*#t*##***tﬁ#*ﬂrt******lﬁlul"k****lllllllnldl***********tt*ttt***#***
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6090) Al (1), Al (2)
6090 FORMAT(’ Project : *,A20," Requested by ", A20)
WRITE (7, 6100} Al (4), Al (3)
6100 FORMAT(' Inf File: *,A20," Created From .MAS File : ',A20)

341




6110

6120

6130

6140

6150

WRITE (7, 6110) A1l (5), Al (10)
FORMAT(' P/T File: *,A20," Calculation Output File: ’,A20)
WRITE (7, 6120) A1 (14), Al (i7)
FORMAT(' Smoothed: ',A20," Graphics File : *A20)
IOPTT = INT (A3 (2) + .5)
IF (IOPTT .EQ. 5§) THEN
WRITE (7, 6130) A1 (19)
FORMAT(' EE File: ',A20)
END IF
WRITE (7, 6140) Al (20)
FORMAT(’ Fired on: ',A20)
IF (A2 (1) .NE. ' ') THEN
WRITE (7, *) 'FIRING REMARKS:’
WRITE (7, 6150) A2 (1)
FORMAT(" ',A80)
END IF
IF (A2 (2) .NE. ' ') WRITE (7, 6150) A2 {2)
IF (A2 (3) .NE. ' ") WRITE (7, 6150) A2 (3)
IF (A2 (4) .NE. ' ") THEN
WRITE (7, *) 'REDUCTION REMARKS:’
WRITE (7, 6150) A2 (4)
END IF
IF (A2 (5) .NE. ’ ') WRITE (7, 6150) A2 (5)
IF (A2 (6) .NE. ' ') WRITE (7, 6150) A2 (6)

END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN

WRITE (2, 6090) Al (1), Al (2)
WRITE (2, 6100) A1 (4), Al (3)
WRITE (2, 6110) Al (5), Al (10)
WRITE (2, 6120) A1 (14), A1 (17)
IOPTT = INT (A3 (2) +.5)
IF (IOPTT .EQ. 5) THEN
WRITE (2, 6130) A1 (19)
END IF
WRITE (2, 6140) A1 (20)
IF (A2 (1) \NE. ' ') THEN
WRITE (2, *) 'FIRING REMARKS:'
WRITE (2, 6150) A2 (1)
END IF
IF (A2 (2) .NE. ' ) WRITE (2, 6150) A2 (2)
IF (A2 (3) .NE. ’ ') WRITE (2, 6150) A2 (3)
IF (A2 (4) .NE. ' ’) THEN
WRITE (2, *) 'REDUCTION REMARKS:’
WRITE (2, 6150) A2 (4)
END IF
IF (A2 (5) .NE. ' ') WRITE (2, 6150) A2 (5)
IF (A2 (6) .NE. ' ') WRITE (2, 6150) A2 (6)

END IF
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ottt sk o oot s o ol oo o o e oo oo o o e e o oo oo o o oo ol o e oo o o o ek ok ok koK

C‘*’.****‘**# lgniter lnfomauon is pnnled next e e b 3 3 e e e aje e ofe ol afe ot e e o e e ol
Ct!kt******tl‘l*tt**#*t#*#*#‘#t*t**t*&#*‘#**‘t**&****&**t#******#*#*******
IF (IOUTCH .EQ. 1) .CR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6160)
6160 FORMAT(/," ',20X,’ IGNITER INFORMATION")
WRITE (7, 6170) Al (11), Al (12)
6170 FORMAT(' The Igntier Used Is : ",A20," Lot: ’,A20)
WRITE (7, 6180) Al (13)
6180 FORMAT(’ The Source For The Igniter Is: ',A20,/)
WRITE (7, *) ° IGNITER THERMOCHEMICAL PROPERTIES’
WRITE (7, 6190) A3 (13), A3 (16)
6190 FORMAT(’ Impetus (J/g) :",F10.1," Molecular Weight ',
1F10.5)
WRITE (7, 6200) A3 (14), A3 (17)
6200 FORMAT(’ Flame Temperature (K):’,F10.1," Covolume (cc/g) :’,
1F10.5)
WRITE (7, 6210) A3 (15), A3 (18)

6210 FORMAT(’ Density (g/cc) ", F10.5,” Gamma .
1F10.5)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6160)

WRITE (2, 6170) Al (11), Al (12)
WRITE (2, 6180) Al (13)
WRITE (2, *) ' IGNITER THERMOCHEMICAL PROPERTIES:’
WRITE (2, 6190) A3 (13), A3 (16)
WRITE (2, 6200) A3 (14), A3 (17)
WRITE (2, 6210) A3 (15), A3 (18)
END IF

C************#********‘**#*t*#*&l‘l*#**#***********t#**********‘*******llull

C#*********#*****# PROPELLANT lNFORMATlON e 2 ke e sl o ok sl ol ok abe abe e ok ek ok ake afe ok ak ok ake e afe e ke ok
C#*##t**tt***l‘l##*#tllnll***#***#tlHr*IHI**##il##ttlht*****##*********t*#**##**
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6220)
6220 FORMAT(/,20X,'"PROPELLANT INFORMATION")
WRITE (7, 6230) A1 (6), Al (7)
6230 FORMAT(' The Propellant Used Is : ",A20," Lot: ’,A20)
WRITE (7, 6240) A1l (8)
6240 FORMAT(’ The Source For The Propellant Is: *,A20)
WRITE (7, 6250)
6250 FORMAT(' ")
WRITE (7, *) * Propellant Thermochemical Properties: Following'
WRITE (7, *) ' Sheets of Output’
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6220)
WRITE (2, 6230) Al (6), Al (7)
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WRITE (2, 6240) Al (8)
WRITE (2, 6250)
WRITE (2, *) ' Propcllant Thermochemical Properties: Following'
WRITE (2, *) ' Sheets of Output’
END IF

C#lltt*#********#*#***###*l‘t***##*******#******************************

C*#t#*****t**t**t* OUTPUT OF GRAIN GEOMETRY a2 e ok e 3 afe e afe afe 2 afe b 3 afe ajc ok aje Ak afe e e o ok ok e ok
C#**#*#*‘#tt*t#t*t**#*t**#*tt*t*t#t*****#*&#wnlrlut*#****&*&*&*t*t********
IF (AICUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6260)
6260 FORMAT(/,20X,"PRCPELLANT GRAIN GEOMETRY")
WRITE (7, 6270) Al (9)
6270 FORMATY(/,’ Grain Type:’,A20)
ICODEP = INT (A3 (45) + .5)
IF (ICODEP .EQ. 11) .OR. (ICODEP .EQ. 13)) ICODEP =2
IF (ICODEP .EQ. 12) ICODEP = 3
8000 FORMAT(' ',10X,'Length --- (cm.):" ,F10.6)
8010 FORMAT( ’,10X,’Outer Diam.(cm.):' F10.6)
8020 FORMAT( ',10X,'Width ---- (cm.):",F10.6)
8030 FORMAT(' ’,10X, Thickness (cm.):’,F10.6)
8040 FORMAT( ',10X, Perf Diam. (cm.):’,F10.6)
8050 FORMAT( ',10X,'Slot Width (cm.):',F10.6)
8060 FORMAT(’ ',10X,’Inner Web (cm.):’,F10.6)
8070 FORMAT(' ',10X,’Middle Web (cm.):'.F10.6)
8080 FORMAT( ',10X,'Outer Web (cm.):',F10.6)

C‘*ttit#t*t‘l#*‘*****##ll**i#tt#t*lt##****#****t***t***#*******&***t*t#t**
C**t************#****##*‘ Sphem e o o 3 2 2 e abe afe 2 ok e 2 o a2 ak 3 ak e ok afe e ol e aje b b a3 ae sk ok e ke ok ko
C**ll#t**t****&*##****#t#‘#t*t*t#***********ﬂtt‘****#*#**&******#***#*t*

IF (ICODEP .EQ. 1) THEN
WRITE (7, 8010) A3 (8)
GO TO 1150

END IF

C‘l"#*‘*llt#****&#***#***ll‘iltt#*#*t******#****t#*‘*‘*t#**&t*******l‘ll*t&t

C*###**#**#**#*# Rcmaining gmins al‘ nccd Icnglh. M 2 e 6 e o e e e ol ol b e ke ok ok ok ol
Ct*****l’*t**#‘**##*i##lltt##ll##**&##*“‘&#t#*&**t#*‘t*##**#t*#*t&***‘t*#

WRITE (7, 8000) A3 (7)

C#*ll#t*‘*tt**t‘t#t‘#i##ttt&***"!#t*t‘ttt##lllrllt**#t‘&t#***tt#t‘*t#‘**tt*

Cusshwsrbsnsnss Noxt the rectangular strip is done **#sesssvsnnnbenss
ot L T T T T T T e
IF (ICODEP .EQ. 3) THEN
WRITE (7, 8020) A3 (8)
WRITE (7, 8030) A3 (10)
GO TO 1150
END IF

C‘*****‘*t‘*‘&#‘*#ltttt&&lt‘lt#t*t*##*it*t#*i&**tt*t““ttttttt‘t‘tttt‘

C‘**‘*‘*.“‘ The mmaining grains all nccd a diamcwr [ E AT 133313 PR 1 2%
C‘*“**.*".‘.““‘*‘*‘**.*“““#““**#ﬁ“‘**##**tl*‘*‘.***‘.“*‘*“‘

WRITE (7, 8010) A3 (8)
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C**********‘***#*#*****#ll*********t***#***I&****************************

C*#********** Cord needs On.ly a leng‘h and WIdm e 2 e 2 e ok ol o e e afe e e dfe ok o e ofe ok o ok ok
C#*t********t#tt*t#*#**##**it##*t****tl’l##*t********###*******li********

IF (ICODEP .EQ. 3) GO TO 1150

Crredetkakokdaieaedoakok deoakodokodok et sk obok o ok okt okl s kol s el 3 ok otk ool s ok ok ekl sk e ok akokok ok ke ok

C********‘ All mmaining grains med mrf dialneter ale 2 2 e e aje 2k e aje aje abi 2 afe e o ke e 2 ke ok
C**************“********#****************************************#***#

WRITE (7, 8040) A3 (9)
fal

C**#****#*#******** Next '.he sloned tube e ok 3 a2k aje 3 o e e 2 e o 3 S 2 de 38e afe 2 ae s e e e ok o ok 2
C**t****t#*‘****###**i****#****#*#**##*t#*********#*****#*#*#*********t

IF (ICODEP .EQ. S) THEN
WRITE (7, 8050) A3 (11)
GO TO 1150

END IF

Criedkabdeakedkaiedkoteske skt ode oot ool ool o ek e e sl ok e o ook et bkl e sl ok ok sk e ol ek skl ok ok ok ke dkak okl ke

C#********** All remaining gmins need inner web e ke aje 2l e e 2 2he a2 afe 3je e aje de e aje e ale ae sk ake
Crakae ek ok ok ok ook ol e ook ol s ol i o i ool ok ol o s ol o ool o e ok ok e o e ook e o o ok ke

WRITE (7, 8060) A3 (10)
C#*&*‘*ll*‘lt#t*#*******‘t#t*#**##t***********#********t***#***#**#***t*#
C*#****t#‘*‘t#*# l_wrf cylindcr is ﬁnished o e e ot 2l e e e e a3 o o e o e e ol ol o g o e o
ekt e sl seate s ol e ol oo b e s e ol o oo ol o o o e o o o ol sl o al s o e ol ae ol sl ool ke o ok o e oo ol ale o o ko ae s e ol ok ok ok ok

IF (ICODEP .EQ. 4) GO TO 1150

Ctetesketeake st sk e sl o de e e ae e s o ol e ol ae e o e e o ol a o o oo e ol o ol ol e o ol ol o ale o ol sl o e ol ol ol o e ok ol ok ok ok

C“‘**““*“‘ Next 7 mrf' d(xs not need middle wcb e 3 aje e e e 2 a3 a2 3 ae e K ok ek
Crbedk st g sk st e o e o e e st o ol o e o o e ool o e sl o o ol el e o e oo ool o ol s e ol ol ol ol o ke o o ok ok ook e o o

IF (ICODEP .GT. 7) WRITE (7, 8070) A3 (11)
el L L L L
CHessussessssunsnss Finglly the OUICT WCh S ##e¥ssbsnikbuvbssnsbbsbhbbs
el L T T T

WRITE (7, 8080) A3 (12)

END IF

1150 CONTINUE

IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6260)
WRITE (2, 6270) Al (9)
ICODEP = INT (A3 (45) + .5)
IF (1ICODEP .EQ. 11) .OR. (ICODEP .EQ. 13)) ICODEP = 2
IF (ICODEP .EQ. 12) ICODEP = 3

Cresdisdbt s bbbt s bs s s bbb s s s bbb bbbk bbbt d b bbbt bR b NE SRS bbb s bbb e b S
Coessts st bbb bbbt sssdbts swcm LA A A IR LTI T I ATty ]s
(b b A LA L LA LIS L LI I D LIS LT DS I L LT R LI DL I LI Y I ]

IF (ICODEP .EQ. 1) THEN
WRITE (2, 8010) A3 (8)
GO TO 1160

END IF

C.“*i*“*“..“““tiiitt‘*‘tt"‘t‘tt‘t“t‘tt*titttt“‘**itt*t“t*t‘ti
C.‘.“““tt..‘. Remaining gm‘ns all need lcng‘h. LA I A R 2 12127721
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C#**&*##***#ll#****t##*tt*tt##************t**t************H******#******

WRITE (2, 8000) A3 (7)

C#t#tt#t*‘*ll**‘**#tl“lt#ttt*#*t**#***#**######*******#‘****#t*t#**t*#**

Cre*srsnusnsssns Nexi the rectangular strip is done ***#*xessrsnessvsns
o L T
IF (ICODEP .EQ. 3) THEN
WRITE (2, 802C) A3 (8)
WRITE (2, 8030) A3 (10)
GO TO 1160
END IF

Ct*#tt‘*tt#*******‘!l‘*ttttt##t#t***t*tttt&t*#*t****it***##**t#**tt*#*#*

C“‘*“‘**‘* T'he mmaining gra_ins a“ nced a diamc‘er a0 2 e o 2t e 2k e e e 2t 2 e o o ok o
C‘t“***‘*t*##‘******‘**t#“**&##t*#***“*#‘t*‘*‘****#tt*****#t***t#“*

WRITE (2, 8010) A3 (8)

C#****#t*“#‘#i#tt*t*&*#*#t#ittt**‘***#*#tt*t*#*#***&*#t*‘#t*v####t**tt

C**esxsussns Cord needs only a length and width **#*kessksksrskbrnkuks
fon Al LT DT e T T L L S DL P T T L A T

IF (ICODEP .EQ. 3) GO TO 1160

C***##***‘**#*tt*##**t#tt*&**t*#llttlllll*#********t*t#*t**#***t&t**#**tttt

C*"‘***‘*. A“ mmaimng gmins med mrf diamclcr e 3c e e age e 2je bk e bk o e afe o o e e X ok
CHedkkbkkkmpiokbkkgkpdibdor kbbb kbbb ko bbbk dokdolokdeokodok ok ok kok ok

WRITE (2, 8040) A3 (9)
el L T T A e

C#t*iit#**&t**‘**** Next the s]oncd mm e abe e e 2tz ol ab e e ale o a2 e o e ok e e e e ol ol ol ok o ok ok
C#t*#*##tt&****#*t‘***ii*t‘lt#t****&*i*‘*lttl#tt#####‘*#ttlt#ttt**tt#**

IF (ICODEP .EQ. 5) THEN
WRITE (2, 8050) A3 (11)
GO TO 1160

END IF

C**l'ii#‘*““ti‘ﬁ&‘t*‘***t*t“‘t‘*‘tt*ttti****‘***tti*tt**#lttt&*#***tt

C*l‘**l"*“t All mmaining gmins need inner wcb ShhkE ke Rk Rk
C****i*‘*‘.“““"“**“**‘l*“‘*‘*“““*“*“*‘**"‘*.““‘*“‘t‘**“‘

WRITE (2, 8060) A3 (10)
ek L LT T T T
CHesssussssssens | norf cylinder is finishcd *o*e**essssssrssssssvnnses
el LI L T

IF (ICODEP .EQ. 4) GO TO 1160

C‘t**‘#..‘..tl“tt““##“*ﬁ‘#itti*t*tt‘#t#tt‘###t*‘t‘t**t.‘tt““*t‘t‘

C‘.‘*U“&‘*t‘t cht 7 mrf‘ dms not need middlc weh *tvdsbibbbbbhb bbb
C“"U"t“.“‘.i&.t“#'t.‘tl“#“‘.ti‘t“ttt*tttt#ttlttttti‘tt“l‘t“**

IF (ICODEP .GT. 7) WRITE (2, 8070) A3 (11)
el L LI T T T T T

C‘O.t..““.*““t‘ Fina“y the outer wcb CEGEUCHBERRP BRI ESGI BRSNS
C“.t..‘l“t““‘t“‘tttttt‘..‘ittitl‘*‘.&‘ttt‘*‘tt‘**ttt‘t‘ttt#t‘ttt‘t

WRITE (2, 8080) A3 (12)
END IF
1160 CONTINUE

C*‘...Q‘..'..““‘t“““tttﬂtt#“i&&titt‘ttt“‘t‘.t*“t‘*t##‘&it“*‘t‘
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C‘*‘.*“**‘ Next ‘he hardwam mfomaﬁon is given e 3 3 ke 3 3 2 e 2 abe e e A ok s ok Kk koK
C**‘*‘“““*‘***‘*‘*t##*‘***‘#*‘#*#**#**************#*#******#***‘*#*i

IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN

WRITE (7, 6280)

6280 FORMAT(/," ',5X,’Bomb Information’,15X,'Gage Information’)
WRITE (7, 6290)

6290 FORMAT( ="

WRITE (7, 6300) Al (16), A1 (15)
6300 FORMAT(' *.'Bomb Type :',A20,2X,’Gage I.D. :',A20)
WRITE (7, 6310) A3 (23), A3 (19)
6310 FORMAT(’ ’,’Bomb Vol (cc):’,F10.1,12X,’'Input Voltage:’ F8.4)
WRITE (7, 6320)
6320 FORMAT(' ',36X,'Constants For Fit: A+Bx+CA2")
WRITE (7, 6330) A3 (20)
6330 FORMAT(' ',36X,'A: ' E12.5)
WRITE (7, 6340} A3 (21)
6340 FORMAT( ’,36X,’B: '[E12.5)
WRITE (7, 6350) A3 (22)
6350 FORMAT( ',36X,'C: ' E12.5)
WRITE (7, 6250)

C‘ll*#“lltt#t******ﬂl*tlﬂh#****#****t*t**t**&llnhﬁ**llt*********t*#***#******

C#*###*#‘t### SWClﬁC [nfomalion for [he ﬁnng e 3 e e 2k afc e e 3k 3k 3 ok o e e 2k e e ol ok ok
Cttt**#rt#ttttttll******t*ttt********‘*&********t***********************#
WRITE (7, 6360)
6360 FORMAT(’ ’,8X,’Temperature and Charge Mass Information')
WRITE (7, 6290)
WRITE (7, 6370) A3 (25), A3 (26)
6370 FORMAT(' ',’Propellant Mass (g) :'.F9.4,6X,’Igniter Mass (g):’, F9.4)
WRITE (7, 6380) A3 (27), A3 (28)
6380 FORMAT(’ ’,'Initial Temp. Prop.(K):’,F6.0,9X,’Igniter Temp.(K):", F6.0)
WRITE (7, 6390) A3 (24)
6390 FORMAT(' *,'Initial Bomb Temp. (K):' F6.0)
WRITE (7, 6400) A3 (46)
6400 FORMAT(’ ’,’Numnber of Propellant Grains:’,F9.2)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6280)
WRITE (2, 6290)
WRITE (2, 6300) Al (16), Al (15)
WRITE (2, 6310) A3 (23), A3 (19)
WRITE (2, 6320)
WRITE (2. 6330) A3 (20)
WRITE (2, 6340) A3 (21)
WRITE (2, 6350) A3 (22)
WRITE (2, 6250)

Cl“tt“‘t‘t‘l‘“itttt****#tt‘tttllllt‘*&tt#&&l’*ﬁl'*t**‘*t##t***#*t*i*##**lﬁ
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C##*##*ﬁ#*#t* Smciﬁc lnfonnauon for the fiﬁng ke s 2k ol e e ok o 32 3 e b o de N 2 e o e e
C‘*##‘l#t***t**#***&*******t#**#***####****#**#**i********#**********t*t

WRITE (2, 6360)
WRITE (2, 6290)
WRITE (2. 6370) A3 (25), A3 (26)
WRITE (2, 6380) A3 (27), A3 (28)
WRITE (2, 6390) A3 (24)
WRITE (2, 6400) A3 (46)

END IF

C**#*****#*#*##‘ll‘**#‘itt****#*********#*************t*#tt#***#******t*

C#*xxxrxks NEXT THE RESULTS ARE PRINTED -- SIXTY LINES TO A PAGE #**#&#x

C#*tt*#*****#**********************##tt***t****#*#******#**#*#*****#**l

CALL CLEAR

WRITE (*, *) "Nomnally 60 lines are printed per page’
WRITE (*, *) "However, this value can be change to suit’
WRITE (*, *) 'the printer being used. Do you wish to change’
WRITE (*, *) the default setting [Y/N]. Default is No.’
READ (*, 5030) A

5030 FORMAT(A1)

CALL CLEAR

IF ((A .EQ. 'Y") .OR. (A .EQ. 'y")) THEN
WRITE (*, *} "Enter the number of lines per page.’
READ (*, *) NPAH

ELSE
NPAH = 60

END IF

OPEN (UNIT = 12, FILE = Al (10))

REWIND (UNIT = 12)

CALL CLEAR

NUMB = INT (A3 (100) + .5)

WRITE (*, 6410) NUMB

6410 FORMAT(10X, There are’,I5,’ lines of output from the’,

1/,10X,’computation. The amount of lines printed can’,
2/,10X,’be reduced by specifying a "skip" factor. A°,
3/,10X,'skip factor of 1 will print all lines, a skip’,
4/,10X, factor of 2 will print every other line, etc. °*,
5/,10X,"Enter your choice for a skip factor.’//)
READ (*, *) ISKIP
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6420) NAMY
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6420) NAMY
END IF

6420 FORMAT('1',’ OUTPUT FILE: ',A20)

C“*“**‘*‘l'lt&lllllllllrtlliltll*ll"ltt*lﬂ‘t"*"*tt##ttit***t********t#tt*#*#‘###‘l

C&#‘*##‘#t*&‘*‘#t*t FIRST THREE LINES OF OUTPUT ARE BLANK #%%&kkkkkkkkkhk

C‘t*****llll**‘lll"ll"‘t‘*##“t#&lt#t*#tt*t#t#tt‘#l#**##‘#*#t#* ks ko
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READ (12, 5040) LINE
READ (12, 5040) LINE
READ (12, 5040) LINE
NUMPAG =0
1170 CONTINUE
READ (12, 5040, END = 1180) LINE
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6430) LINE
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6430) LINE
END IF
NUMPAG = NUMPAG + 1
IF (NUMPAG .EQ. NPAH) THEN
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6420) NAMY
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6420) NAMY
END IF
NUMPAG =0
END IF
IF ((LINE (1:1) .NE. 'N’) .AND. (LINE {2:2) .NE. 'N")) GO TO 1170
NSKIP = 0
1190 CONTINUE
READ (12, 5040, END = 1180) LINE
5040 FORMAT(A132)
6430 FORMAT(’ ',A132)
NSKIP = NSKIP + 1
IF (NSKIP .EQ. ISKIP) THEN
NSKIP =0
NUMPAG = NUMPAG + 1
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6430) LINE
END IF
IF (QAOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6430} LINE
END IF
IF (NUMPAG .EQ. NPAH) THEN
NUMPAG =0
IF (IOUTCH .EQ. 1) .OR. (JOUTCH .EQ. 3)) THEN
WRITE (7, 6420) NAMY
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6420) NAMY
END IF
END IF
END IF
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GO TO 1190
1180 CONTINUE
IF (IOUTCH .EQ. 1) .OR. IOUTCH .EQ. 3)) THEN
WRITE (7, 6430) LINE
END IF
IF ((AOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6430) LINE
END IF
CLOSE (UNIT = 12)
C#**t*ll*##****t*#**‘ﬁ#********###llt#i*ll*&#*t***************##*****#l***
C#*+++++ NEED SUBROUTINE TO STRIP OFF THE INFORMATION DESIRED *###*##xsx
Ca**+++ BURN RATE FOR OPTIONS 1, 4 & S, SURFACE AREA FOR OPTION 3 ##%#xx
C‘###t* AND TIN[E PRESSURE FOR OmON 2 ke afe 3 e b o b e e 3 ol o ol e s 2 afe afe e 300 3 o e ol s 2 ol e e ot e o
Cll*******#****t********#***‘****##********************#***#**#*********
1200 CONTINUE
KNOUT = 0
IOPT = INT (A3 (2) +.5)
OPEN (UNIT = 12, FILE = Al (10))
REWIND (UNIT = 12)
DO 12101 = 1, 5000
READ (12, 5050, END = 1220) CHART
5050 FORMAT(A2)
IF ((CHART .EQ. ' N') .OR. (CHART .EQ. 'N ")) THEN
BACKSPACE (UNIT = 12)
KNOUT = KNOUT + 1
READ (12, 5060) WORD1, WORD2, X1, X2, X3, X4, X5, X6, X7
5060 FORMAT(A9,A10,7E16.8)
IF (KNOUT .EQ. 1) A3 (48) = X5
ELSE
GO TO 1210
END IF
IF (X4 LE. 0.0) THEN
KNOUT = KNOUT - 1
GO TO 1210
END IF
IF (IOPT .EQ. 1) .OR. (IOPT .EQ. 4) .OR. (IOPT .EQ. 5)) THEN
FRAT (KNOUT, 1) = X2
FRAT (KNOUT, 2) = X4
FRAT (KNOUT, 3) = 0.0
END IF
IF (IOPT .EQ. 3) THEN
FRAT (KNOUT, 1) = (A3 (25) - X3)/A3 (25)
FRAT (KNOUT, 3) = X5/A3 (48)
FRAT (KNOUT, 2) = X7
END IF
IF (IOPT .EQ. 2) THEN
FRAT (KNOUT, 1) = X1
FRAT (KNOUT, 2) = X2
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FRAT (XNOUT, 3) = 0.0
END IF
1210 CONTINUE
1220 CONTINUE
CLOSE (UNIT = 12)

(Crteate e st o s oo s ot o ol oo e o i e o o o e ol oo s e o s e ol o ol ke o s i o i e o o e e b oo ol s ol 0 o sl ol o o o ol o o e ok

Cerrnnikikrnannkksnksd GRAPHICS FILE IS WRITTEN %%k ook koo ok
C“*******‘*‘**‘******‘*“‘**‘*****‘*‘*“***********#*********“********
DO 1230 J = 1, KNOUT
WRITE (9, *) FRAT (J, 1), FRAT (J, 2), FRAT (J, 3)
1230 CONTINUE
CLOSE (UNIT = 9)

(Cterteate okl e b e s ok e o oo s b o b s e o e o o ol b ol ol e oo e s e o ofeae o ol b o e o o o e ool o e o ae ke ol sl ol e o o ke e ke ook

Coxednpkkbbkidk BURN RATES ARE WRITTEN teteskskcokak ook sesheie e sk otk o ookl o e e ok

Ctetestedeageae e sk al ok b ok e o b s ol o ol o o e o e oo e ol s ot ol ol oo o ol e o el s e ool o ok oo e ol o e e o ol ok o ool ok ae e e e

IF (AOPT .EQ. 2) .OR. (I0PT .EQ. 3)) GO TO 1240

Cresete stk sk ookl sk e ol ae o e e o o s o o o e e e ol ol ool o al e ool ol o sl e ol e o o o oo o oo oo e sk ol ok ok ook o ok okok ok

Cl#***#t*t**#&**** F[RST SEE IF FFT IS DES]RED e 2 3 adk M 2 e M e afe 2je e 3 e 3 ae e e ke o o aje ok ok
C*******ﬁ#t********#**#*#*#***lﬂt**‘*#t*********************************
CALL CLEAR
IFLAG =1
WRITE (*, 6440)
6440 FORMAT(///,15X,'The bum rate versus pressure often requires’,
1/,15X, filtering to remove oscillations. Do you wish to’,
2/,15X,'determine the effect of the FFT? (Yes=1, No=2) °,
3/,15X,’Enter your choice.’,/)
READ (*, *) IFFT
IF (IFFT .EQ. 1) THEN
IFLAG =2
END IF
CALL BRFFT (Al, IFLAG)
C#***#****##*** PRIN'”NG INFORMAT]ON ON THE FFI‘ e 2k e afe o 3 3 e ade 3¢ e afe ake o ae 3 ae o 3 ofe o ok
IF (IFFT .EQ. 1) THEN
CALL CLEAR
WRITE (¥, *) 'Is FFT filtered data being used for the burn ratio?’
WRITE (*, *) 'Enter your choice. (Yes = 1, No = 2)’
READ (*, *) JRTI
IF (JRTI .EQ. 1) THEN
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 3914)
3914 FORMAT(///,10X,’FFT filter used on bum rate data.")
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 3914)
END IF
END IF
END IF

Ct*********##**#********##*#******t****#**t**********t*t*****#lﬂk*ﬁ#t***
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Cuxsxxxx NEED TO DETERMINE WHERE THE FFT DATA IS STORED *#¥¥¥kkkkokkucnn »
Cuwsdads | OAD FFT DATA INTO ARRAY FRAT, AND RECOPY IT TQ *#*¥¥#%ksmnunkun
C#s#sdds GRAPHICS FILE IF FILTERED DATA IS TO BE USED *####ikokkkaokkbnnk
o ol ol o oo oo M o o
CHxdukndss NEED TO INTERPOLATE AT STEPS OF 4 MPa *#% %k sokkokhobkdokk
CH*xrdsnsrd STORE THE DATA IN FRAT WITH NUMBER AS KKN *¥ stk soohhokk &
CHwsbknnsdks WILL STORE A COPY IN XLERAT *##kkkkok stk koo bbbk
Crebb o koo ook o ko ok kR R
Crrwdsbrnniiss REREAD GRAPHICS FILE IN CASE FILTERED DATA #%#kukbnkuk
Catxxunkdnsss IS TO BE USED, [IFLAG=2 MEANS FILTERED DATA #**#tkskkkhkk
otttk kol sk oo ool o o ool o ok o ook sk ol ok
IF (IFLAG .EQ. 2) THEN
OPEN (UNIT = 9, FILE = Al (17))
KNOUT =1
1250 CONTINUE
READ (9, *, END = 1260) FRAT(KNOUT, 1), FRATI
(KNOUT, 2), FRAT (KNOUT, 3)
KNOUT = KNOUT + 1
GO TO 1250
1260 CONTINUE
KNOUT = KNOUT - 1
CLOSE (UNIT = 9)
END IF
DO 12701 = 1, KNOUT
XLFRAT (1, 1) = FRAT (1, 1)
XLFRAT (1, 2) = FRAT (1, 2)
1270 CONTINUE

C**#***************t***************************************#***********

Crxkdidssk DETERMINE UPPER AND LOWER MULTIPLE OF 4 MPA ¥ kkiuckksdokdkuokk
ok ko ok ook o ok ok o e o o ok e A ok ok ok ol o sk ook ok ok o
DO 12801 =1, 1000
TEST = I*4
IF (FRAT (1, 1) .LE. TEST) THEN
NS = I*4
GO TO 1290
END IF
1280 CONTINUE
1290 CONTINUE
NT = INT (FRAT (KNOUT, 1)/4.)*4

Cll****‘#*#*#********‘#**t‘#*********i**#**t********##**#***********#***

C##**###*#t#t*&***# Now TI{E INTERPOLATION b e 3 e e 2 b e e afe 3 aje ok 3k e 3 aje aje 2 e a2 she ol abe o ofe e 3k
Ct***#ll#***tt*********t*tttt****t&t***t#**#********###*****t******#**t*
JQRY =0
PMAX = FRAT (KNOUT, 1)
KKN=0
DO 1300 I = NS, NT, 4
KKN = KKN + 1
FRAT (KKN, 1) =1
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DO 1310 ] = 1, KNOUT
X=1
IF (X LE. XLFRAT (J, 1)) THEN
FRAT (KKN, 2) = (X - XLFRAT (J - 1, I)AXLFRAT (J, 1) - XLFRAT (J - 1, 1))*
1 (XLFRAT (J, 2) - XLFRAT (J - 1, 2)) + XLFRAT (J - 1, 2)
DO 1320KIX =1, 15
ITESTIT = INT (TAL (KIX, 1) +.5)
IF (ITESTIT .EQ. I) THEN
TAL (KIX, 2) = FRAT (KKN, 2)
JQRY = JQRY + 1

END IF
1320 CONTINUE
GO TO 1300
END IF
1310 CONTINUE
1300 CONTINUE

C******#****#************ll*********#********************************#**

C**#*****#***t********* NOW PRINT THE RATES % ¥kakakaakaedook ok d ok s ook ok s e s ek ok
Ct********#*ll!***#******************************************************

CALL PRAT (FRAT, KKN, IOUTCH)

(Cteake ot abe ok e o ok e s e e ae el o s o s ol o o o o e s ol e o o s o o ok o o e o e e o ok o sl ke e ke ool e s ok e s e sl o s ol o o o ke ke

C#ssxxkix SUBROUTINE TO DETERMINE THE BURN RATE LAWS #dkkikikikiokukdokbonkk
ok sk kool ool ookl okl ok o ko e e e e o

CALL BRNRT (A1, IOUTCH)

1240 CONTINUE

CLOSE (UNIT = 2)
okt bbbk oo o o e ke koo s kol s o e oo R ok o
CHesrkkikihbknssses SUMMARY OUTPUT ROUTINE GOES HERE **##k ki kuk ko k ko
Chssvrnbdnshssk AT WAYS TO PRINTER *#* % ikibokkokokkokok i obakokokkobokdon ook
(et t kool o so ool kol alal aeaeae okl s al oal oe ekl ol a  oa ookkol ol

IF (OPT .EQ. 2} .OR. (IOPT .EQ. 3)) GO TO 1330
CALL CLEAR
WRITE (*, 6460)
6460 FORMAT(//,10X,’Summary Output Sheet to Printer? (Yes=1, No=2)")
READ (*, *) ISUMM
IF (ISUMM .EQ. 2) GO TO 1340
IF IOUTCH .EQ. 2) OPEN (UNIT = 7, FILE = "LPT1")
WRITE (7, 6420) NAMY
WRITE (7, 6470) A1 (4)
6470 FORMAT(’ Information File:’,A20,8X,'Pressure’,10X,'Burn Rate')
WRITE (7, 6480) A1 (1)
6480 FORMAT(’ Project Name  :',A20,10X,'(MPa)’,12X,'(cm/sec)’)
IF JQRY .GE. 1) THEN
WRITE (7, 6490) Al (6), TAL (1, 1), TAL (1, 2)
6490 FORMAT(' Propellant Type :',A20,F14.1,9X,F9.3)
ELSE
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WRITE (7, 6500) Al (6)
6500 FORMAT(’ Propellant Type :',A20)
END IF
IF JQRY .GE. 2) THEN
WRITE (7, 6510) A1 (9), TAL (2, 1), TAL (2, 2)
6510 FORMAT(’ Grain Geometry :',A20,F14.1,9X,F9.3)
ELSE
WRITE (7, 6520) Al (9)
6520 FORMAT(’ Grain Geometry :’,A20)
END IF
IF JQRY .GE. 3) THEN
WRITE (7, 6530) A3 (7), TAL (3, 1), TAL (3, 2)
6530 FORMAT(’ Grain Length(cm):’,F20.5,F14.1,9X,F9.3)
ELSE
WRITE (7, 6540) A3 (7)
6540 FORMAT(’ Grain Length(cm):’,F20.5)
END IF
IF (JQRY .GE. 4) THEN
WRITE (7, 6550) A3 (8), TAL 4, 1), TAL (4, 2)
6550 FORMAT(® Outer Diameter :'F20.5,F14.1,9X/,F9.3)
ELSE
WRITE (7, 6560) A3 (8)
6560 FORMAT(’ Outer Diameter :'JF20.5)
END IF
IF JQRY .GE. 5) THEN
WRITE (7, 6570) A3 (9), TAL (5, 1), TAL (5, 2)
6570 FORMAT(® Perf Diameter :’,F20.5,F14.1,9X F9.3)
ELSE
WRITE (7, 6580) A3 (9)
6580 FORMAT(' Perf Diameter :'JF20.5)
END IF
IF JQRY .GE. 6) THEN
WRITE (7, 6590) A3 (10), TAL (6, 1), TAL (6, 2)

6590 FORMAT(’ Inner Web ", F20.5,F14.1,9X,F9.3)
ELSE
WRITE (7, 6600) A3 (10)
6600 FORMAT(’ Inner Web ' F20.5)
END IF

IF (JQRY .GE. 7) THEN
WRITE (7, 6610) A3 (11), TAL (7, 1), TAL (7, 2)
6610 FORMAT(’ Middle Web  :'F20.5,F14.1,9X,F9.3)
ELSE
WRITE (7, 6620) A3 (11)
6620 FORMAT(’ Middle Web  :'F20.5)
END IF
IF JQRY .GE. 8) THEN
WRITE (7, 6630) A3 (12), TAL (8, 1), TAL (8, 2)
6630 FORMAT(’ Outer Web  :',F20.5,F14.1,9X,F9.3)
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ELSE
WRITE (7, 6640) A3 (12)
6640 FORMAT(’ Outer Web ", F20.5)
END IF

(Cresskakeate sk ekt ol o ol e ok ol b s o o ol e o ol ool ok b o o e o ol oo e s e ok o abe ol sl sk ool o i ok ol ok ok el ko ook ok ok

Cittttttt*t#tt#* C}-lECK FOR DE'I’ERRED OR LAYERED GRAIN e e 2 ade ol b af afe e 2 2 e 2o e e aje o ke
C#*ilt*ll*Ill***t##*t****#&**tt***t*t*t#**t*****tt*****#***#*****i##t*#*###
NL = INT (A3 4) + .5)
IFLAGY =0
IF (NL .GT. 1) IFLAGY = 1
IF (JQRY .GE. 9) THEN
WRITE (7, 6650) TAL (9, 1), TAL (2, 2)
6650 FORMAT(’ Prop Thermochems:’,20X,F14.1,9X,F9.3)
ELSE
WRITE (7, 5660)
6660 FORMAT(’ Prop Thermochems:")
END IF
IF (IFLAGY .EQ. 1) THEN
IF (JQRY .GE. 10) THEN
WRITE (7, 6670) TAL (9, 1), TAL (9, 2)
6670 FORMAT(® Layered/Deterred:’,20X,F14.1,9X,F9.3)
ELSE
WRITE (7, 6680)
6680 FORMAT(' Layered/Deterred:’)
END IF
IF JQRY .GE. 11) WRITE (7, 6690) TAL (11, 1), TAL (11, 2)
IF (JQRY .GE. 12) WRITE (7, 6690) TAL (12, 1), TAL (12, 2)
IF JQRY .GE. 13) WRITE (7, 6690) TAL (13, 1), TAL (13, 2)
IF JQRY .GE. 14) WRITE (7, 6690) TAL (14, 1), TAL (14, 2)
iIF (JQRY .GE. 15) WRITE (7, 6690) TAL (15, 1), TAL (15, 2)
6690 FORMAT( *,37X,F14.1,9X,F9.3)
END IF
IF (IFLAGY .EQ. 0) THEN
IF (JQRY .GE. 10) THEN
WRITE (7, 6700) P (2, 1, 1), TAL (10, 1), TAL (10, 2)
6700 FORMAT(’ Impetus (J/g) :'JF20.5,F14.1,9X,F9.3)
ELSE
WRITE (7,6710) P (2, 1, 1)
6710 FORMAT(’ Impetus (J/g) :'F20.5)
END IF
IF (JQRY .GE. 11) THEN
WRITE (7, 6720) P (3, 1, 1), TAL (11, 1), TAL (11, 2)
6720 FORMAT(’ Flame Temp (K) :’,F20.5,F14.1,9X,F9.3)
ELSE
WRITE (7,6730) P (3,1, 1)
6730 FORMAT(' Flame Temp (K) :’,F20.5)
END IF
IF (JQRY .GE. 12) THEN
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WRITE (7, 6740) P (4, 1, 1), TAL (12, 1), TAL (12, 2)
6740 FORMAT(’ Density (g/cc) :',F20.5,F14.1,9X,F9.3)
ELSE
WRITE (7, 6750) P (4, 1, 1)
6750 FORMAT(’ Density (g/cc) :',F20.5)
END IF
IF JQRY .GE. 13) THEN
WRITE (7, 6760) P (3, 1, 1), TAL (13, 1), TAL (13, 2)
6760 FORMAT(’ Molecular Weighi:' F20.5,F14.1,9X,F9.3)
ELSE
WRITE (7, 6770) P (5,1, 1)
6770 FORMAT(’ Molecular Weight:’ ,F20.5)
END IF
IF JQRY .GE. 14) THEN
WRITE (7, 6780) P (6, 1, 1), TAL (14, 1), TAL (14, 2}
6780 FOCRMAT(’ Covolume (cc/g) :°,F20.5,F14.19X,F9.3)
ELSE
WRITE (7, 6790) P (6, 1, 1)
6790 FORMAT(’ Covolume (cc/g) ;" F20.5)
END IF
IF JQRY .GE. 15) THEN
WRITE (7, 68C0) P (7, 1, 1), TAL (15, 1), TAL (15, 2)

6800 FORMAT(' Gamma :’,F20.5,F14.1,9X,F9.3)
ELSE
WRITE (7, 6810) P (7,1, 1)
6810 FORMAT(’ Gamma " F20.5)
END IF
END IF

(Cte e st sk e i e b ol s e sl o o ke o o all o sk o i o e o afe a ok ae ke o o e o ok o oo ol o ke s ke ok ke o e ab e ol ke ol i o ko e o e i s ke ok ol ke ke

C#*#*t#*#ti***** NEXT BURN RATE LAWS A e e D e 2 afe ok e abr afe e sk o 3k 3 o o 2 ol 3 e afe aje e ok e e ode e ol ol ok ok of:
C**lll****#******t*************t***t#*#*****#*!hlnklll************************

OPEN (UNIT = 18, FILE = Al (18))
REWIND (UNIT = 18)
READ (18, *) NN
IF (NN .GT. 8) THEN
NS=NN-7
DO 1350I=1,NS-1
READ (18, ) X, Y, Z, W, T
1350 CONTINUE
ELSE
NS =1
END IF
WRITE (7, 6820)
6820 FORMAT(' ','Burn Rate Laws (MPa & cm/sec)’)
WRITE (7, 6830)
2001 FORMAT(’ Pressure -- Pressure’,2X,’Coeff”,7X,"'Exp’,4X,’Corr Coeff")
DO 1360 I = N§, NN
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READ (18, ") X, Y, Z, W, T
WRITE (7, 6840) X, Y, Z, W, T
6840 FORMAT( ' F8.2,4XF8.2,F9.6,2X,F8.4,2X F10.7)
1360 CONTINUE
CLOSE (UNIT = 18)

C*‘t*t*#**t**“*****#*i*t********#***********#***************#********#*

Credbrdkdokkdkokdok ko k FINALLY THE GR.APH OF THE PRESSURE VS RATE **¥ddoskokesion ek
C*‘#**#*##**t**#*****ll**#t**********t***************************t*******
C**#****#****#***t**# FIRS’I‘ FIND THE RANGES ON AXIS 2 2 ke e e e 2 2 e 2 e s o o ae e e o e e
Ct**********#**t*t*** PRESSURE IS FIRST AND LAST ENTRIES o 3 30 e 3k e 2 e 2 o e e o e o
C#t**********#t‘it*tt SEARCH THE RATES *# koo ok ek ol ook ook ook e e ek ok o ok
C***t*******‘#*t**t**&*****ttt&*****t***#***************************#***
Ctt********#*#***#tt NEED TO REREAD THE GRAPH!CS FILE teokoeakokosksoobokoh e e sk ik o sk e
C#**t**‘**ﬂl**#***#*#* MAY NEED TO USE FILTERED DATA a2 2 afc 2 e 3 o e o e e afe e abe e o o e o

C#*******#*****t**********t**#*****‘t‘###******#***************#*tt*t**t

OPEN (UNIT = 14, FILE = Al (17))
REWIND (UNIT = 14)
KNOUT =0
1370 CONTINUE
KNOUT = KNOUT + 1
READ (14, *, END = 1380) XLFRAT (KNOUT, 1), XLFRAT (KNOUT, 2), XXX
GO TO 1370
1380 CONTINUE
KNOUT = KNOUT - 1
CLOSE (UNIT = 14)
PMAXY = XLFRAT (KNOUT, 1)
PMINY = XLFRAT (1, 1)
RMAXY = XLFRAT (1, 2)
RMINY = XLFRAT (1, 2)
DO 13901 =1, KNOUT
IF (XLFRAT (1, 2) .LT. RMINY) RMINY = XLFRAT (, 2)
IF (XLFRAT (1, 2) .GT. RMAXY) RMAXY = XLFRAT (], 2)
1390 CONTINUE
WRITE (7, 6850) PMINY, PMAXY, RMINY, RMAXY
6850 FORMATY(, ','Hor. Axis:’ F8.2," to ',F8.2," MPa :: Ver. Axis:’,
1F9.5," to ' F9.5," cm/sec’)
C‘#‘**#**t#tt*tt##**##*#**t*tt#*#***##*******###**#**#**#**l‘l*t****#*#**#
C********#*tt## AXIS INCREWNT ]S DETERMINED a2 2 2 2 e 2 afe e a2 e 2k e o ake ok e o e e ok o o e ok
C#******t*##‘****t AXlS LOADED INTO ARRAY e e e aje ke ale 2k ol afe 2l 3 W 2 e aje abe 2 e 3 ae ale ol afe ol e o ae e o e
C**t#******““****##****#**#‘t*##***t****#Il‘lt******t***#********iﬁ*ttt*
V1 = RMINY
V4 = RMAXY
H1 = PMINY
H4 = PMAXY
PMAXY = ALOG10 (PMAXY)
PMINY = ALOG10 (PMINY)
RMAXY = ALOG10 RMAXY)
RMINY = ALOG10 (RMINY)
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HSTEP = (PMAXY - PMINY)/60.
VSTEP = (RMAXY - RMINY)/30.
DO 1400 1 = 2, 60

APL (1, D)=

1400 CONTINUE

APL (1,20) ="
APL (1,40) ="r
APL (1,60) ="I’
DO 14101=1,30
APL (1, 1)="P

1410 CONTINUE

APL (1, 1) = "+’
APL (10, 1) = *-*
APL (20, 1) = *-’
APL (30, 1) = *-'

DO 14201 = 1, KNOUT

X = ALOG10 (XLFRAT (1, 1)) - PMINY
Y = ALOG10 (XLFRAT (1, 2)) - RMINY

IX = INT (X/HSTEP + .5) + 1
IY = INT (Y/VSTEP + .5) + 1

IF (X .GT. 60) .OR. (IX LT. 0) .OR. (IY .GT. 30) .OR. (IY .LT. 0)) GO TO 1420

APL (1Y, IX) = '+’

1420 CONTINUE

Crtedeaieabeak sk e sl stk o al ab oo ok o ol s ae o ool ol sk o ko ok ol al f a e o ok ale ol sl ae ko ke alcal ol o ol b o ale ol ale 3 ale ke o ok o ke o e

CHsssrsrrssbbss PLOTTING THE GRAPH TO PRINTER %tk sk koo e ok
okt o oo ok ookl ke o ook kol ok o
8090 FORMAT(' ' F9.5,5X,A60)
8100 FORMAT(’ ',14X,A60)

DO 14301=30,1, -1
DO 1440 ) = 1, 60
ITEMP (J:J) = APL (1, J)

1440 CONTINUE

IF (I .EQ. 30) THEN

WRITE (7, 8090) V4, ITEMP
ELSE IF (I .EQ. 20) THEN

V3 = 10.%*(20.*VSTEP + RMINY)

WRITE (7, 8090) V3, ITEMP
ELSE IF (I .EQ. 10) THEN

V2 = 10.**(10.*VSTEP + RMINY)

WRITE (7, 8090) V2, ITEMP
ELSE IF (I .EQ. 1) THEN

WRITE (7, 8090) V1, ITEMP
ELSE

WRITE (7, 8100) ITEMP

(C e skt b s st sk ol ol sl ool ok o b sk ool s sl e o o e s o ak ok ok o i o o e s e s e s e ol o ok oo e o o ke ke o o s e e ke o e sk ok ke ae

C****#****l****#*** PLO'ITING POINTS IN ARRAYY sk ok ok o s s oo s ok sk e e e ae sl s ae s e ke

(o st ok ol o o s e e sk ook ool ae e ol ae ok ok ol ool e sl e o ae ok ae o o ok oo ok o b o sk e o e sl sl e e ok ale o oo e ok ok o ok o e oke
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END IF
1430 CONTINUE

Ctedeateakeak e s o ok otk o ol aeo o sl de sl sl e sl e s e ol s e ol o o o o ol e s al o e o e o o ol o o e ok b o ok sk o ke ke ok ke ak

Cidiidiikik FINALLY SCALE ON HORIZONTAL AXIS ####kkk ko sekdtokbkkokk
Ok skl o ol ko kol oo ko s ook o kol s oo ok ol ol e ol o ke o

H2 = 10.**(20.*HSTEP + PMINY)

H3 = 10.**(40.*HSTEP + PMINY)

WRITE (7, 6860) H1, H2, H3, H4
6860 FORMAT( ’,9X,F6.0,14X F6.0,14X,F6.0,14X,F6.0)

Ct*t********#tt*lt**********t*ll********t#***#************#t*****#**ttt*#

Ct*********t#*#t***********# FININSHED THE OUFPUT e afe e afe 26 3 2fc 2 e e e e ol 3 e afe ae e e e e ok
C**#************#**#*******###tt**i*t*****#**t********#******t*********#

1330 CONTINUE
1340 CONTINUE
END

(Crtesterkeatek e ok ae e ae e e ol e e s o ol sl e ol o ool e s e o e s e ae e sl ol sl e ol ale s o e o ol s e o ke ol ol e o e e o ol ol ke sl ool ke sl e sk o ke e

C***t****#*‘#** SUBROUTINE TO PRINT RATES IN TABLE *¥¥tokakkdedskciokaok ok kodokokok

(e stk ateab o b o e o e s e e o sk o o ol sl o e o e sl e o e o e s ol b e ol o ol ol b o o e o e o ke sl aeae ale o ke ol ol o ke sk o sl ok ok sk ke

SUBROUTINE PRAT (FRAT, KNOUT, IOUTCH)
e et o oo oo oo o s o oo o o ol ook ol o e
C THIS PROGRAM WILL WRITE A TABLE OF PRESSURE VS RATE
C  WRITTEN BY: WILLIAM OBERLE, BRL MARCH 1987
Ot b s sk e e ool o s o ool e ol ok
DIMENSION FRAT (1024, 3), PRESS (1024), RATE (1024)
DO 1000 I = 1, KNOUT
PRESS (I) = FRAT (I, 1)
RATE (I) = FRAT (1, 2)
1000 CONTINUE
NN = KNOUT
N1l =1
1010 CONTINUE
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6000)
WRITE (7, 6010)
WRITE (7, 6020)
WRITE (7, *)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6000)
WRITE (2, 6010)
WRITE (2, 6020)
WRITE (2, *)
END IF
IF (NN .LE. 165) THEN
N1 = N1
N2=NI1+NN-1
NFLAG = 1
ELSE
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N1 = N11
N2 = Nl1 + 164
NN = NN - 165
N11 =NI11 + 165
NFLAG =0
END IF
NUM=N2-N1+1
XNUM = NUM
NROWS = XNUM/3
NLEFT = NUM - NROWS*3,
IF (NLEFT .LT. 1) THEN
DO 1020 I = 1, NROWS
NI=NIl+1-1
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6030) PRESS (NI), RATE
(NI), PRESS (NI + NROWS),
RATE (NI + NROWS), PRESS (N1 + 2*NROWS),
RATE (NI + 2*NROWS)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6030) PRESS (NI), RATE
1 (NI), PRESS (NI + NROWS),
2 RATE (NI + NROWS), PRESS (N1 + 2*NROWS),
3 RATE (NI + 2*NROWS)
END IF
1020 CONTINUE
ELSE
IF (NLEFT .EQ. 1) THEN
DO 1030 1 = 1, NROWS
NI=Nl1+1-1
IF ((IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6030) PRESS (NI), RATE (NI),
PRESS (NI + NROWS + 1)
» RATE (N1 + NROWS + 1), PRESS (NI + 2*NROWS + 1)
3 » RATE (N1 + 2*NROWS + 1)
END IF
IF ((IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6030) PRESS (NI), RATE (NI),
PRESS (N1 + NROWS + 1)
+ RATE (N1 + NROWS + 1), PRESS (NI + 2*NROWS + 1)
» RATE (NI + 2*NROWS + 1)
END IF
1030 CONTINUE
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6040) PRESS (NROWS + N1), RATE (NROWS + N1)
END IF
IF (1IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6040) PRESS (NROWS + N1), RATE (NROWS + N1)

W N e

[ Jrey

W N -
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END IF
ELSE
DO 1040 I = 1, NROWS
NI=Nl+1-1
IF ((IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6030) PRESS (NI), RATE (NI),
PRESS (NI + NROWS + 1)
. RATE (NI + NROWS + 1), PRESS (NI + 2*NROWS + 2)
. RATE (NI + 2*NROWS + 2)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6030) PRESS (NI), RATE (NI),
PRESS (NI + NROWS + 1)
» RATE (NI + NROWS + 1), PRESS (NI + 2*NROWS + 2)
, RATE (NI + 2*NROWS + 2)
END IF
1040 CONTINUE
IF (IOUTCH .EQ. 1) .OR. (IDUTCH .EQ. 3)) THEN
WRITE (7, 6050) PRESS (NROWS + Ni), RATE (NROWS + N1),
1 PRESS (N1 + 2*NROWS + 1), RATE (N1 + 2*NROWS + 1)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6050) PRESS (NROWS + N1), RATE (NROWS + N1),
1 PRESS (N1 + 2*NROWS + 1), RATE (N1 + 2*NROWS + 1)
END IF
END IF
END IF
iF (NFLAG .EQ. 1) GO TO 1050
GO TO 1010
6030 FORMAT( ',12X,F8.3,4X F8.3.4X F8.34X F8.3,4X,F8.3,4X F8.3)
6050 FORMAT( ',12X,F8.3,4X F8.3,4X,F8.3.4X F8.3)
6040 FORMAT( ', 12X ,F8.3,4X F8.3)
6000 FORMAT('1'))
6010 FORMAT(' ',13X, Pressure’,6X,'Rate’,6X, 'Pressure’,6X,'Rate’,
1 6X,'Pressure’,6X,'Rate"’)

W B =

W N -

6020 FORMAT(® *,13X,"---eeme- N SRR 'L — ' 6X, e,
Y5 N ' 6X, o--")

1050 CONTINUE
RETURN
END

Ct‘t“““t‘tt.t‘t*tt‘&0*.““““itt‘t‘t“#l#t#*tt#tt#tt*#*t***tt‘#t*t#

Ct‘t..“tt“‘t‘#‘#&t‘t SUBROW[NE CLEAR e e 2 e o e sl ol o 2 s o o ke e o e ol e e ol ol ol ol o
Ct‘t.“‘t‘“t‘.“tttt*tt“&ttt‘#*#l'tttttt#‘*‘*#**t#t*ttt#it#****t*‘t***

SUBROUTINE CLEAR
CHARACTER ST*4
DATA ST/' {21/
WRITE (¢, 6000) ST
6000 FORMAT (1X,A4)




RETURN
END

Ct*#*#**t*#*‘t*****#**********#t**t*******t***ll**’ll***##***#***###**#***

C‘l******t*#tt*t#i** SUBRO[J‘]"INE BRFFT e e 3 2 2 6o e 2 afe e e e o ol e e o ae e o e o ol e e oo o e e e ok
Ctl’l*********‘**‘****#**#*‘*#*‘*#*#ﬁ***#**********#*#**i##t*#********##*

SUBROUTINE BRFFT (Al, IFLAG)

C*t#t*t*#it*ﬁ#*******t*#*#***#tttlt*t*****#**********#*it*tt**t#**&*‘l**

C##dssdiid FAST FOURIER TRANSFORM ROUTINE PROVIDED BY F. ROBBINS *****
Crasskdsddks EFET RESULTS STORED IN THE GRAPHICS FILE IF USER SELECTED **

C******#***********t*t**#lﬂ‘l********#t********#******#******************

COMPLEX A (1024)

DIMENSION DATA (1024, 3)

DIMENSION FREQ (1024), RMAG (1024)
CHARACTER*20 FILNAM, XAXISL, YAXISL, Al (20)
CHARACTER*40 TITLE

DIMENSION B (1024)

DIMENSION C (1024)

DIMENSION D (1024)

EQUIVALENCE (DATA (1, 1), B (1)), (DATA (1, 3), C (1), RMAG (1))
EQUIVALENCE (DATA (1, 2), D (1))

PI = 3.1415926535

C##t#t**l*#*#****#*t#***#*****#*******#*****#**********************#***t

CH##wssusssssssssrs OBTAIN PRINTER & SCREEN CHARACTERISTICS **##*sssmnss

C"t‘**‘tt#***&t****#&*******%********##*t#t#***************************

CALL CLEAR
WRITE (*, 6000)

6000 FORMAT(//,10X,'This program has the capability of gencrating’,
1/,10X,’hard copy plots of the pressure-bum rate data. To’,
2/,10X,’generate plots information conceming your printer is’,
3/,10X,'required. The output port is assumed to be LPT1.’,
4//,10X,’Select printer by number.’,
5/,15X,’1. Epson Dot Matrix’,
6/,15X,'2. HP Laser Jet '//,10X,’Enter Choice.")

READ (*, *) NAIS

IF (NAIS .EQ. 1) THEN
MODEL = §

ELSE
MODEL = 62

END IF

C###“"&t#t*#*tt#**t*#***##*******t***#*****tt*i*****t***#*************t

Ctt#tt#tttttttt*t*#t READ PRESSURE & RATE FROM GRAPH[CS F[LE e o ofe e 2 afe e o o e e
Ct*t*t*t*tt‘t#t‘#*#ttttttt&#*tt***#*t*lll‘l!lllr*t****tt#ttt*#ttttttttt*tt##t#
OPEN (UNIT = 14, FILE = A1 (17))
J=0
1000 CONTINUE
READ (14, *, END = 1010) P, DXDT, DPDT
J=)+1
IF(® .LT. 7.) GO TO 1000




JP7 =]
PMAX =P
1020 CONTINUE
READ (14, *, END = 1010) P, DXDT, DPDT
J=J+1
IF (P .GT. PMAX) THEN
PMAX =P
JPMAX =]
END IF
GO TO 1020
1010 CCONTINUE
JTOTAL =]
REWIND (UNIT = 14)
NPT7PM = JPMAX - JP7 + 1
M = INT (ALOG (REAL (NPT7PM))/ALOG (2.0) + 1.0E-10)
N=M+1
M=N
NPT = 2.0**N + 1.0E-10
N = NPT
IF (JTOTAL .GT. 0.1*NPT7PM + JPMAX) JTOTAL = PMAX + 0.1*NPT7PM
IF (JTOTAL .GE. NPT) THEN
IF JTOTAL .EQ. NPT) GO TO 1030
DO 1040 I = 1, JTOTAL - NPT
READ (14, *) P, DXDT, DPDT
1040 CONTINUE
1030 CONTINUE
DO 10501 =1, NPT
READ (14, *) P, DXDT, DPDT
DATA(,1)=P
DATA (], 2) = DXDT
DATA (1, 3) = DPDT
A () = CMPLX (DXDT, 0.0)
1050 CONTINUE
ELSE
J=0
READ (14, *) P, DXDT, DPDT
DO 10601 = 1, NPT - JTOTAL + 1
A () = CMPLX (DXDT, 0.0)
Y=J+1
DATA{(, 1)=P
DATA (1, 2) = DXDT
DATA (1, 3) = DPDT
1060 CONTINUE
DO 10701=1, JTOTAL - 1
READ (14, *) P, DXDT, DPDT
DATA(J+L 1D=P
DATA (J + 1, 2) = DXDT
DATA (J + 1, 3) = DPDT




A (J+I)= CMPLX (DXDT, 0.0)
1070 CONTINUE
END IF
CLOSE (UNIT = 14)
Crasikinis ATTEMPT TO BY PASS THE FILTERING TO GET PLOT #¥%#¥#k«
IF (IFLAG .EQ. 1) GO TO 1080
C GET FILTERING WINDOW
CALL FFT (A, M, NPT, - 1.0, 2.0/REAL (NPT))
NX=0
DO 10501 =1, N2
FREQ (D) = REAL (I - 1)/REAL (N)
IF (FREQ (I) .LE. FMAX) NX = NX + 1
1090 CONTINUE
DO 11001 =1, N2
RMAG (I) = SQRT (REAL (A ())**2 + AIMAG (A (I))**2)
1100 CONTINUE
XAXISL = ' FREQ(Hz)’
YAXISL = * MAGNITUDE’
TITLE =’ FFT SPECTRUM"®
CALL PLS88P (FREQ, RMAG, N2, XAXISL, YAXISL, TITLE, MODEL)
WRITE (*, *) "INPUT CUT OFF FREQUENCY FOR LOW PASS FILTER’
READ (*, *) FMAX
DO 11101 =1, N2
IF (FREQ (I) .GE. FMAX) THEN
IM=N-1+2
A () = CMPLX (0.0, 0.0)
A (IM) = CMPLX (0.0, 0.0)
END IF
1110 CONTINUE
CALL FFT (A, M, NPT, 1.0, 0.5)
1080 CONTINUE
WRITE (*, *) 'INPUT PLOT OPTION DESIRED’
WRITE (*, *) '1. PLOT ORIGINAL DATA’
WRITE (*, *) '2. PLOT FILTERED DATA'
WRITE (*, *) 3. OVERPLOT ORIGINAL AND FILTERED DATA'
WRITE (*, *) '4. SELECT DATA SET FOR BURN RATE LAWS AND EXIT’
READ (*, *) IOPT
IF (IOPT .EQ. 4) GO TO 1120
IF (IOPT .EQ. 1) GO TO 1130
IF (IOPT .EQ. 2) GO TO 1140
IF (IOPT .EQ. 3) GO TO 1150
1150 CONTINUE
DO 11601 = 1, NPT
C () =REAL (A (1))
IFBM.LT.00BM=-B®O
IF(B () .LE. 0.1) B (I) = .1001
IF(COM.LT.000C(DH=-CO
IF(C @ .LE. 0.1) C (1) =.1001




IFO®.LT.00DA)=-D()
IF (D (1) .LE. 0.1) D (I) = .1001
1160 CONTINUE
XAXISL = '"PRESSURE (MPa)’
YAXISL = 'BURNING RATE (cm/s)’
TITLE = 'BURNING RATE PLOT '//A1 (10)
CALL PL88OP (B, C, D, NPT, XAXISL, YAXISL, TITLE, MODEL)
GO TO 1080
1130 CONTINUE
DO 11701 = 1, NPT
IFBA)LT.000B(M)=-B()
IF (B (I) .LE. 0.1) B (I) = .1001
IFDA) LT.0.0)DM=-DM
IF (D (1) .LE. 0.1) D (I) = .1001
1170 CONTINUE
XAXISL = '"PRESSURE (MPa)’
YAXISL = "BURNING RATE (cm/s)’
TITLE = "BURNING RATE PLOT '//A1 (10)
CALL PLS88LG (B, D, NPT, XAXISL, YAXISL, TITLE, MODEL)
GO TO 1080
1140 CONTINUE
DO 11801 = 1, NPT
C (D) =REAL (A (I))
IF(B (@) .LT.00)B({)=-B ()
IF (B (I) .LE. 0.1) B (I) = .1001
IF(COH.LT.000C(MH=-C(
IF (C (I) .LE. 0.1) C(I) = .1001
1180 CONTINUE
XAXISL = '"PRESSURE (MPa)’
YAXISL = 'BURNING RATE (cm/s)’
TITLE = "BURNING RATE PLOT '//Al (10)
CALL PL88LG (B, C, NPT, XAXISL, YAXISL, TITLE, MODEL)
GO TO 1080
1120 CONTINUE
CALL CLEAR
Cyrvxvx ATTEMPT TO GET GRAPH EVEN WHEN NO FILTERING IS DONE *#¥#%*%%#&#
IF (IFLAG .EQ. 1) GO TO 1190
WRITE (*, 6010)
6010 FORMAT(//,10X,"Select the data set to be utilized in computing’,
1/,10X,’the burn rate laws and for the graphics file.’,
2//,10X,’1, Original Data’,/,10X,'2. Filtered Data'//,
310X,’Enter Selection.”)
READ (*, *) ISELET
IF (ASELET .EQ. 2) THEN
OPEN (UNIT = 14, FILE = Al (17))
REWIND (UNIT = 14)
TEMPI1 = 0.0

C‘t*t#**#*##i*#*#*##t#t*##*t*#***‘#‘ttttmﬁ*****#t*t*ttt#*******‘**‘#*tt
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C#s#]sssrvssss FFT'S PACK EXTRA DATA POINTS AT BEGINNING TO *+s#stusss
C##ssssxssvers FORCE THE NUMBER OF POINTS TO BE A MULTIPLE *#*##*stss
Ceswsssuxsssess OF 2, NEED TO REMOVE THOSE EXTRA POINTS *#kssuskuik sk

C*********‘t‘*##**t##**t***#t***#***#************##*tt************#*‘#*

DO 1200 J = 2, NPT

DELTA = ABS (DATA (J, 1) - DATA (J - 1, 1))

IF (DELTA .GT. .1) THEN
NSTART = J - 1
GO TO 1210
END IF
1200 CONTINUE
NSTART = 1
1210 CONTINUE
DO 1220 I = NSTART, NPT
TEMP = REAL (A (I))
IF (TEMP .LE. 0.1) TEMP = .1
WRITE (14, *) DATA (I, 1), TEMP, TEMP1
1220 CONTINUE
CLOSE (UNIT = 14)
END IF
1190 CONTINUE
‘RETURN
END
SUBROUTINE FFT (A, M, N, SIGN, SCALE)
COMPLEX A (N), U, W, T
PI = 3.1415926535
N = 2%*+M
NV2 = N2
NMl=N-1
I=1
ITK =0
DO 10001=1,N -1
ITK = ITK + 1
IF (I .GE. J) GO TO 1010
T=A()
AN=A®D
AD=T
1010 CONTINUE
K = NV2
1020 CONTINUE
IF (K .GE. J) GO TO 1000
J=J-K
K =Kn
GO TO 1020
J=J+K
1000 CONTINUE
ITK =0
DO 1030L=1,M




LE = 2**L
LEl1 = LEfR2
U = CMPLX (1.0, 0.0)
W = CMPLX (cos (PI/LE1), SIGN*sin (PI/LE1))
DO 1030J) = 1, LE1
DO 10401=J,N,LE
IMTK=ITK + 1
IP=1+LEl
T=A (IP*U
AP =AD-T
AD=AD+T
1040 CONTINUE
U =U*W
1030 CONTINUE
ITK=0
DO10S0I=1,N
A (M= A ()*SCALE
ITK=ITK + 1
1050 CONTINUE
RETURN
END
SUBROUTINE PLS88P (X, Y, NPTS, XAXISH, YAXISH, TITLEH, MODEL)
DIMENSION X (1), Y (1)
CHARACTER*20 XAXISH, YAXISH
CHARACTER*40 TITLEH
CHARACTER*20 YAXISL
CHARACTER*40 TITLE
CHARACTER*20 XAXISL
CHARACTER*1 TITA (40), XAXISA (20), YAXISA (20)
EQUIVALENCE (TITA (1), TITLE), (XAXISA (1),
1 XAXISL), (YAXISA (1), YAXISL)
XAXISL = XAXISH
YAXISL = YAXISH
TITLE = TITLEH
DO 1000I=1,20
KI=21-1
IF (XAXISA (KI) .NE. ' ") GO TO 1010
1000 CONTINUE
1010 CONTINUE
NXA =Kl
DO 10201=1,20
Ki=21-1
IF (YAXISA (KI) .NE. ' ') GO TO 1030
1020 CONTINUE
1030 CONTINUE
NYA =KI
DO 10401=1, 40
Ki=41-1]




IF (TTTA (KI) .NE. ' ') GO TO 1050
1040 CONTINUE
1050 CONTINUE
NTA = KI
WRITE (*, 6000)
WRITE (*, 6010)
6010 FORMAT('O DO YOU WISH TO HAVE A HARDCOPY? (1 FOR YES, 0 FOR NO)")
READ (*, 5000) ICYN
5000 FORMAT(1)
6000 FORMAT('O STRIKE ENTER WHEN FINISHED WITH PLOT")
CALL PLOTS (0, 97, 97)
CALL FACTOR (1.0)
HT = .25
CALL PLOT (2.50, 1.50, - 3)
XT = 2.5 - HT*5./8.*.5*NTA
CALL SYMBOIL. (XT, 5.6, HT, TITLE, 0., NTA)
CALL SCALE (X, 5.00, NPTS, 1)
CALL SCALE (Y, 5.00, NPTS, 1)
CALL STAXIS (.25, .25, .111, .112,2)
CALL AXIS (0., 0., XAXISL, - NXA, 5.00, 0., Xi
(NPTS + 1), X (NPTS + 2))
CALL STAXIS (.25, .25, .111, .112,- 1)
CALL AXIS (0., 0., YAXISL, NYA, 5.0, 90., Y1
(NPTS + 1), Y (NPTS + 2))
CALL LINE (X, Y, NPTS, 1,0, 0)
CALL PLOT (0.0, 0.0, 999)
C REAT:(*,310)CH
C 310 FORMAT(A)
IF (ICYN .EQ. 0) GO TO 1060
CALL PLOTS (0, 1, MODEL)
CALL FACTOR (1.0)
HT = .25
CALL PLOT (2.50, 1.50, - 3)
XT = 2.5 - HT*S5./8.*.5*NTA
CALL SYMBOL (XT, 5.6, HT, TITLE, 0., NTA)
CALL SCALE (X, 5.00, NPTS, 1)
CALL SCALE (Y, 5.00, NPTS, 1)
CALL STAXIS (.25, .25, .111, .112, 2)
CALL AXIS (0., 0., XAXISL, - NXA, 5.00, 0., X (NPTS + 1), X (NPTS + 2))
CALL STAXIS (.25, .25, .111,.112,- 1)
CALL AXIS (0., 0., YAXISL, NYA, 5.0, 90., Y (NPTS + 1), Y (NPTS + 2))
CALL LINE (X, Y, NPTS, 1, 0, 0)
CALL PLOT (0.0, 0.0, 999)
1060 CONTINUE
RETURN
END
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SUBROUTINE PL8SLG (X, Y, NPTS, XAXISH, YAXISH, TITLEH, MODEL)
DIMENSION X (1), Y (1)
CHARACTER*20 XAXISH, YAXISH
CHARACTER*40 TITLEH
CHARACTER*20 YAXISL
CHARACTER*40 TITLE
CHARACTER*20 XAXISL
CHARACTER*1 TITA (40), XAXISA (20), YAXISA (20)
EQUIVALENCE (TITA (1), TITLE), (XAXISA (1),
1 XAXISL), (YAXISA (1), YAXISL)
XAXISL = XAXISH
YAXISL = YAXISH
TITLE = TITLEH
DO 10001=1,20
Ki=21-1
IF (XAXISA (KI) .NE. ' ") GO TO 1010
1000 CONTINUE
1010 CONTINUE
NXA =KI
DO1020I=1,20
Kl=21-1
IF (YAXISA (KI) .NE. ' ’) GO TO 1030
1020 CONTINUE
1030 CONTINVUE
NYA =Kl
DO 10401=1,40
Ki=41-1
IF (TITA (KI) .NE. ' ’) GO TO 1050
1040 CONTINUE
1050 CONTINUE
NTA =Kl
WRITE (*, 6000)
WRITE (*, 6010)
6010 FORMAT('O DO YOU WISH TO HAVE A HARDCOPY? ( 1 FOR YES,0 FOR NO)’)
READ (*, 5000) ICYN
5000 FORMAT((1)
6000 FORMAT('O STRIKE ENTER WHEN FINISHED WITH PLOT")
CALL PLOTS (0, 97,97)
CALL FACTOR (1.0)
HT = .25
CALL PLOT (2.50, 1.50, - 3)
XT = 2.5 - HT*S./8.*.5*NTA
- CALL SYMBOL (XT, 5.6, HT, TITLE, 0., NTA)
CALL SCALG (X, 5.00, NPTS, 1)
CALL SCALG (Y, 5.00, NPTS, 1)
CALL STAXIS (.25, .25, .111, .112, 2)
CALL LGAXS (0., 0., XAXISL, - NXA, 5.00, 0., X (NPTS + 1), X (NPTS + 2))
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C

CALL STAXIS (.25, .25, .111, .112,- 1)
CALL LGAXS (0., 0., YAXISL, NYA, 5.0, 90, Y (NPTS + 1), Y (NPTS + 2))
CALL LGLIN (X, Y, NPTS, 1,0, 0, 0)
CALL PLOT (0.0, 0.0, 999)
READ(*,310)CH

C 310 FORMAT(A1)

IF ICYN .EQ. 0) GO TO 1060

CALL PLOTS (0, 1, MODEL)

CALL FACTOR (1.0)

HT = .25

CALL PLOT (2.50, 1.50, - 3)

XT = 2.5 - HT*S5./8.*.5*NTA

CALL SYMBOL (XT, 5.6, HT, TITLE, 0., NTA)

CALL SCALG (X, 5.00, NPTS, 1)

CALL SCALG (Y, 5.00, NPTS, 1)

CALL STAXIS (.25, .25, .111, .112, 2)

CALL LGAXS (0., 0., XAXISL, - NXA, 5.00, 0., X (NPTS + 1), X (NPTS + 2))
CALL STAXIS (.25, .25, .111, .112, - 1)

CALL LGAXS (0., 0., YAXISL, NYA, 5.0, 90., Y (NPTS + 1), Y (NPTS + 2))
CALL LGLIN (X, Y, NPTS, 1,0, 0, 0)

CALL PLOT (0.0, 0.0, 999)

1060 CONTINUE

RETURN
END
SUBROUTINE PL88OP (X, Y, Z, NPTS, XAXISH, YAXISH, TITLEH, MODEL)
DIMENSION X (1), Y (1), Z (1)
CHARACTER*20 XAXISH, YAXISH
CHARACTER*40 TITLEH
CHARACTER*20 YAXISL
CHARACTER*40 TITLE
CHARACTER*20 XAXISL
CHARACTER*1 TITA (40), XAXISA (20), YAXISA (20)
EQUIVALENCE (TITA (1), TITLE), (XAXISA (1), XAXISL), (YAXISA (1), YAXISL)
XAXISL = XAXISH
YAXISL = YAXISH
TITLE = TITLEH
DO 10001 =1,20
KI=21-1
IF (XAXISA (KI) .NE. ' ") GO TO 1010

1000 CONTINUE
1010 CONTINUE

NXA =KI
DO 10201=1,20 -
KI=21-1




IF (YAXISA (KI; \NE. ' '} GO TO 1030
1020 CONTINUE
1030 CONTINUE
NYA = KI
DO 1040I=1, 40
KI=41-1
IF (TITA (KI) .NE. ' ") GO TO 1050
1040 CONTINUE
1050 CONTINUE
NTA =Kl
WRITE (*, 6000)
WRITE (*, 6010)
6010 FORMAT('O DO YOU WISH TO HAVE A HARDCOPY? (1 FOR YES, 0 FOR NO)")
READ (*, 5000) ICYN
5000 FORMAT(11)
6000 FORMAT('O STRIKE ENTER WHEN FINISHED WITH PLOT’)
CALL PLOTS (0, 97, 97)
CALL FACTOR (1.0)
HT = .25
CALL PLOT (2.50, 1.50, - 3)
XT = 2.5 - HT*5./8.%*.5*NTA
CALL SYMBOL (XT, 5.6, HT, TITLE, 0., NTA)
CALL SCALG (X, 5.00, NPTS, 1)
CALL SCALG (Y, 5.00, NPTS, 1)
CALL SCALG (Z, 5.00, NPTS, 1)

ekttt e oo e o o e o s e o o sl o b o o sl o o b o el ol ol oo o b ool e sk e s ok o b o e o e o e sl o ol o ol o e ok o ok e ke sk e ok

Crasnnnnknnrminksbds MAKE SCALE FOR Y & Z IDENTICAL **®kokkaokkk sk hokkk
(oo oo o ok koo R R e
START = MIN (Y (NPTS + 1), Z (NPTS + 1))
Y (NPTS + 1) = START
Z (NPTS + 1) = START
START = MAX (Y (NPTS + 2), Z (NPTS + 2))
Y (NPTS + 2) = START
Z (NPTS + 2) = START
CALL STAXIS (.25, .25, .111, .112, 2)
CALL LGAXS (0., 0., XAXISL, - NXA, 5.00, 0., X (NPTS + 1), X (NPTS + 2))
CALL STAXIS (.25, .25, .111, .112,- 1)
CALL LGAXS (0., 0., YAXISL, NYA, 5.0, 90., Y (NPTS + 1), Y (NPTS + 2))
CALL LGLIN (X, Y, NPTS, 1,0, 0, 0)
CALL LGLIN (X, Z, NPTS, 1, 0, 0, 0)
CALL PLOT (0.0, 0.0, 999)
C READ(*,310)CH
C 310 FORMAT(A1)
IF (ICYN .EQ. 0) GO TO 1060
CALL PLOTS (0, 1, MODEL)
CALL FACTOR (1.0)




HT = .25
CALL PLOT (2.50, 1.50, - 3)
XT = 2.5 - HT*5./8.* 5*NTA
CALL SYMBOL (XT, 5.6, HT, TITLE, 0., NTA)
CALL SCALG (X, 5.00, NPTS, 1)
CALL SCALG (Y, 5.00, NPTS, 1)
CALL SCALG (Z, 5.00, NPTS, 1)
CALL STAXIS (.25, .25, .111, .112, 2)
CALL LGAXS (0., 0., XAXISL, - NXA, 5.00, 0., X (NPTS + 1), X (NPTS + 2))
CALL STAXIS (.25, .25, .111, .112, - 1)
CALL LGAXS (0., 0., YAXISL, NYA, 5.0,90., Y (NPTS + 1), Y (NPTS + 2))
CALL LGLIN (X, Y, NPTS, 1, 0,0, 0)
CALL LGLIN (X, Z, NPTS, 1,0, 0, 0)
CALL PLOT (0.0, 0.0, 999)
1060 CONTINUE
RETURN
END

Ok sk ol ok sk ook ook ok s ol s s ko oo sk ok kol sk ol ok ke o e

Cdnsmkaokkkokkkkdirkkk SUBROUTINE BRINRT *% %k sk sk sk ks ok ok oo ook ok ok

btk kool ek ok ook s ko ok s ik ik ok ool ol koo e kol sl ol s ok ko ol oo sk e
SUBROUTINE BRNRT (A1, IOUTCH)

kst sk s ko ok oo o s ool e e kol oo ok oo oo ok kol s ok ko ook o ok o b o

C PROVIDED BY F. ROBBINS; 12/28/91

C MODIFIED BY W. OBERLE; 12/28/91

C NOW CALCULATE LEAST SQUARES FIT OF DXDT=A*PAN

C OVER PRESSURE RANGE PLOW TO PHIGH FOR AS MANY

C RANGES AS REQUIRED

(o ook oo kol ol ol s e kool oo ol ol ol s e e kol ol oo okl e e ke
CHARACTER*20 A1 (20)
DIMENSION XRATES (100, 5), PRE (1024), RT (1024)

C**##***************#*#*##*t******i************#**********************t

Crxxvrkknkikrrnskskk FIRST THE PREDETERMINED RATES ARE LISTED *#%#*#&¥x
Crrvkkkkiok kb kb kb ko koo ok bk Rk ok ok ik R kR ok Rk Rk
OPEN (UNIT = §, FILE = Al (18))
READ (S, *) NN
DO 1000 I = 1, NN
READ (5, *) XRATES (1, 1)
READ (5, *) XRATES (I, 2)
READ (5, *) DUMMY
READ (5, *) DUMMY
READ (5, *) DUMMY
1000 CONTINUE
CLOSE (UNIT = §5) -
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6000)
END IF




IF (QOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6000)
END IF

6000 FORMAT('1°,10X,'Table of Burn Rate Laws'//)

1010 CONTINUE
CALL CLEAR
WRITE (*, 6010)

6010 FORMAT(//,10X,'The current pressure regions over which the’,
1/,10X,'bum rate laws will be computed are given below.’,
2/,10X, Pressure’, 10X, 'Pressure’ /)

DO 10201 =1, NN
WRITE (*, 6020) XRATES (I, 1), XRATES (1, 2)

1020 CONTINUE

6020 FORMAT(' ',2F18.4)

1030 CONTINUE
WRITE (*, 6030)

6030 FORMAT(//,’ DO YOU WANT TO ADD ANOTHER PRESSURE RANGE’,
1/, FOR BURN RATE CALCULATION? (Yes=1, No=2)")
READ (*, 5000) ICYN

5000 FORMAT(I1)

IF (ICYN .EQ. 2) GO TO 1040
CALL CLEAR
WRITE (*, 6040)

6040 FORMAT(' ENTER LOW AND HIGH PRESSURES: (MPA) ')
READ (*, *) PLOW, PHIGH
NN=NN+1
XRATES (NN. 1) = PLOW
XRATES (NN, 2) = PHIGH
GO TO 1010

1040 CONTINUE

Ct#tt**‘l#ll#*#‘#**ttt*t**‘#&##ﬁ*&*t*ttt***#**#t#*###*t‘***##**#t*##tt#t#

CHevrnsnsnsbrssskhs HEADINGS ARE WRITTEN *%# kb bk bk kkbhbk bbbk
O o A b oo o
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6050)
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6050)
END IF
6050 FORMAT(’ ',8X,'RANGE'/7X,'PLOW PHIGH'9X,'COEF',12X,
I "EXP'.8X,'"CORR COEF'/8X,'"MPA' 4X,'MPA",7X,'CM/S-MPAEXP',
2 9X,'-13X,'-*N)
Lol L L T L L L Ll

Ceusssnnsnssssssses GRAPHICS FILE OPENED & READ **##s#sssssssssssnsssss
el L T T T T L L
OPEN (UNIT = 4, FILE = Al (17), STATUS = 'OLD")
REWIND (UNIT = 4)
=1




1050 CONTINUE
READ (4, *, END = 1060) PRE (JJ), RT (JJ), XXX
N=0+1
GO TO 1050
1060 CONTINUE
CLOSE (UNIT = 4)
J=1-1

C****************#**#*#***#***************#****************************

C****************** Now LAWS ARE COMPUTED ale 2k 2k e ke ol 2k 3 3 e ak 3§ e aje e e de 3je afe 3 o afe 2be 2je 3 e aje e sk
C#**#***t***************************#**********************************
DO 10701 =1, NN
NLOW = |
NHIGH =]}
PLOW = XRATES (1, 1)
PHIGH = XRATES (1, 2)
DO 1080K=1,1]
IF (PRE (K) .GE. PLOW) THEN
NLOW =K
GO TO 1090
END IF
1080 CONTINUE
WRITE (*, *) ' NO PRESSURE ABOVE: ’, PLOW
WRITE (*, *) ' WILL GO TO NEXT STEP’
PAUSE
GO TO 1070
1090 CONTINUE
DO 1100 K =NLOW + 1, JJ
IF (PRE (K) .GT. PHIGH) THEN
NHIGH=K -1
GO TO 1110
END IF
1100 CONTINUE
NHIGH = JJ
1110 CONTINUE
A7=0,
A8 =0,
A9 =0.
H5 =0,
H8 =0,
H9 == 0.
DO 1120 K = NLOW, NHIGH
P = PRE (K)
DXDT = RT (K)
A7 = AT + ALOGI0 (P)
A8 = A8 + ALOGI10 (P)*ALOGI0 (P)
A9 = A9 + ALOG10 (P)*ALOGI10 (DXDT)
HS = HS + ALOG10 (DXDT)
H8 = H8 + ALOG10 (DXDT)*ALOG!0 (DXDT)
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H9=H9 + 1
1120 CONTINUE
BS = (A8*HS - A7*A9)/(H9*A8 - AT*A7)
B6 = (H9*A9 - A7*HS)/(H9*A8 - A7*A7)
BS = 10.**BS
R6 = (H9*A9 - H5*A7)/SQRT ((H9*A8 - A7*A7)*(H9*HS8 - H5*HS))
XRATES (1, 3) = BS
XRATES (1, 4) = B6
XRATES (1,5) = R6
IF (IOUTCH .EQ. 1) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (7, 6060) PLOW, PHIGH, BS, B6, R6
END IF
IF (IOUTCH .EQ. 2) .OR. (IOUTCH .EQ. 3)) THEN
WRITE (2, 6060) PLOW, PHIGH, BS, B6, R6
END IF
C 460 CONTINUE
1070 CONTINUE
6060 FORMAT(4X,F7.0,1X,F7.05X,E12.6,5X,F9.6,5X,F9.6)

Ctttt‘.‘.““ttttt““t*t‘l«“t‘t‘t#t"t#*t#t**t#t*tt#***#*#*#****#*#*##

Ceessesssessenssns WRITING BURN RATE FILE **##ssssssaiknkbukshhmenhhnt
el LT T T e Ll L
OPEN (UNIT = 4, FILE = Al (18))
REWIND (UNIT = 4)
WRITE (4, *) NN
DO 1130 1= 1, NN
WRITE (4. *) XRATES {1, 1)
WRITE (4, *) XRATES (1, 2)
WRITE (4, *) XRATES (1. 3)
WRITE (4, *) XRATES (1, 4)
WRITE (4, *) XRATES (1, 5)
1130 CONTINUE
CLOSE (UNIT = 4)
RETURN
END




INTENTIONALLY LEFT BLANK.
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APPENDIX M:

SMOOTHING AND DLFERENTIATION COEFFICIENTS




INTENTIONALLY LEFT BLANK.
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SMOOTHING COEFFICIENTS

BRIDGE LENGTH: N =5

-8.571428571428E-02
3.428571428571E-01
4.857142857143E-01
3.428571428571E-01
-8.571428571428E-02

BRIDGE LENGTH: N = 7

-9.523809523809E-02
1.428571428571E-01
2.857142857143E-01
3.333333333333E-01
2.857142857143E-01
1.428571428571E-01
-9.523809523809E-02

BRIDGE LENGTH: N = ©

-9.09G305090909E-02
6.060606060606E-02
1.688311688312E-01
2.337662337662E-01
2.554112554113E-01
2.337662337662E-01
1.688311688312E-01
6.060606060606E-02
-9.000909090909E-02

BRIDGE LENGTH: N = 11

-8.391608391608E-02
2.097902097902E-02
1.025641025641E-01
1.608391608392E-01
1.958041958042E-01
2.074592074592E-01
) 1.958041958042E-01
1.608391608392E-01
1.025641025641E-01
2.097902097902E-02
-8.391608391608E-02
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-7.692307692307E-02
8.881784197001E-16
6.293706293706E-0?
1.118881118881E-01
1.468531468531E-01
1.678321678322E-01
1.748251748252E-01
1.678321678322E-01
1.468531468531E-01
1.118881118881E-01
6.293706293706E-02
8.881784197001E-16
-7.692307692307E-02

BRIDGE LENGTH: N = 13

BRIDGE LENGTH: N = 15

-7.058823529411E-02
-1.176470588235E-02
3.800904977376E-02
7.873303167421E-02
1.104072398190E-01
1.330316742081E-01
1.466063348416E-01
1.511312217195E-01
1.466063348416E-01
1.330316742081E-01
1.104072398190E-01
7.873303167421E-02
3.800904977376E-02
-1.176470588235E-02
-7.058823529411E-02

BRIDCE LENGTH: N = 17

-6.501547987616F-02
-1.857585139319E-02
2.167182662539E-02
5.572755417957E-02
8.359133126935E-02
1.052631578947E-01
1.207430340557E-01
1.300309597523E-01
1.331269349845E-01
1.300309597523E-01
1.207430340557E-01




1.052631578947E-01
8.359133126935E-02
5.572755417957E-02
2.167182662539E-02
-1.857585139319E-02
-6.501547987616E-02

BRIDGE LENGTH: N = 19

-6.015037593985E-02
-2.255639097744E-02
1.061477222468E-02
3.936311366652E-02
6.368863334808E-02
8.359133126935E-G2
9.907120743034E-02
1.101282618310E-01
1.167624944715E-01
1.189739053516E-01
1.167624944715E-01
1.101282618310E-01
9.907120743034E-02
8.359133126935E-02
6.368863334808E-02
3.936311366652E-02
1.061477222463E-02
-2.255639097744E-02
-6.015037593985E-02

BRIDGE LENGTH: N = 21

-5.590062111801E-02
-2.484472049689E-02
2.942137953580E-03
2.745995423341E-02
4.870872834260E-02
6.668846028114E-02
8.139915004904E-02
9.284079764625E-02
1.010134030729E-01
1.059169663289E-01
1.075514874142E-01
) 1.059169663289E-01
1.010134030729E-01
9.284079764629E-02
8.139915004904E-02
6.668846028114E-02
4.870872834260E-02
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2.745995423341E-02
2.94213795358CE-03
-2.484472049689E-02
-5.590062111801E-02

BRIDGE LENGTH: N = 23

-5.217391304348E-02
-2.608695652174E-02
-2.484472049689E-03
1.863354037267E-02
3.726708074534E-02
5.341614906832E-02
6.708074534161E-02
7.825086956522E-02
8.695652173913E-02
9.316770186335E-02
9.689440993789E-02
9.813664596273E-02
9.689440993789E-02
9.316770186335E-02
8.695652173913E-02
7.826086956522E-02
6.708074534161E-02
5.341614906832E-02
3.726708074534E-02
1.863354037267E-02
-2.484472049689E-03
-2.608695652174E-02
-5.217391304348E-02

BRIDGE LENGTH: N = 2§

-4.888888888889E-02
-2.666666666667E-02
-6.376811594202E-03
1.198067632850E-02
2.840579710145E-02
4.289855072464E-02
5.545893719807E-02
6.608695652174E-02
7.478260869565E-02
8.154589371981E-02 .
8.637681159420E-02
8.927536231884E-02
9.024154589372E-02
8.927536231884E-02
8.637681159420E-02
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8.154589371981E-02
7.478260869565E-02
6.608695652174E-02
5.545893719807E-02
4.289855072464E-02
2.840579710145E-02
1.198067632850E-02
-6.376811594202E-03
-2.666666666667E-02
-4.888888888889E-02

BRIDGE LENGTH: N = 27

-4.597701149425E-02
-2.681992337165E-02
-9.195402298849E-03
6.896551724139E-03
2.145593869732E-02
3.448275862069E-(2
4.597701145425E-02
5.593869731801E-02
6.436781609195E-02
7.126436781609E-02
7.662835249042E-02
8.045977011494E-02
8.275862068265E-02
8.352490421456E-02
8.275862068965E-02
8.045977011494E-02
7.662835249042E-02
7.126436781609E-02
6.436781609195E-02
5.593869731801E-02
4.597701149425E-02
3.448275862069E-02
2.145593869732E-02
6.896551724139E-03
-9.195402298849E-03
-2.681992337165E-02
-4.597701149425E-02

BRIDGE LENGTH: N = 29

-4.338153503893E-02
-2.669632525473E-02
-1.124706463972E-02
2.966258806081E-03
1.594364108268E-02
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2.768508219009E-02
3.819058212829E-02
4.746014089729E-02
5.549375849709E-02
6.229143492770E-02
6.785317018910E-02
7.217856428130E-02
7.526881720430E-02
7.7122728958 10E-02
7.774069954270E-02
7.712272895810E-02
7.526881720430E-02 .
7.217896428130E-02
6.785317018910E-02
6.229143492770E-02
‘. 5.549375849709E-02
: 4.746014089729E-02
3.819058212829E-02
2.768508219009E-02
1.594364108268E-02
2.96625880608 1E-03
-1.124706463972E-02
-2.669632925473E-02
-4.338153503893E-02

BRIDGE LENGTH: N = 31

-4.105571847507E-02
-2.639296187683E-02
-1.274142987157E-02
-1.011224592977E-04
1.152796036000E-02
2.214581858631E-02
3.1752452219€¢4E-02
4.034786125999E-02
4.793204570735E-02
5.450500556173E-02
6.006674082314E-02
6.4€1725149156E-02
€.815653756699E-02
7.068459904945E-02
7.220143593892E-02
7.27070482354 1E-02 -
7.220143593892E-02
7.068459904945E-02
.| 6.815653756699E-02
6.461725149156E-02
6.006674082314E-02
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5.450500556173E-02
4.793204570735E-02
4.034786125999E-02
3.175245221964E-02
2.214581858631E-02
1.152796036000E-02
-1.011224592977E-04
-1.274142987157E-02
-2.639296187683E-02
-4.105571847507E-02

BRIDGE LENGTH: N = 33

-3.896103896104E-02
-2.597402597403E-02
-1.382488479263E-02
-2.513615416841E-03
7.959782153331E-03
1.759530791789E-02
2.639296187683E-02
3.435274403016E-02
4.147465437788E-02
4.775869291998E-02
5.320485965647E-02
5.781315458735E-02
6.158357771261E-02
6.451612903226E-02
6.661080854629E-02
6.786761625471E-02
6.828655215752E-02
6.786761625471E-02
6.661080854629E-02
6.451612903226E-02
6.158357771261E-02
5.781315458735E-02
5.320485965647E-02
4.775869291998E-02
4.147465437788E-02
3.435274403016E-02
2.639296187643E-02
1.759530791789E-02
7.959782153331E-03
-2.513615416841E-03
-1.382488479263E-02
-2.597402597403E-02
-3.896103896104E-02




BRIDGE LENGTH: N = 35

-3.706563706564E-02
-2.548262548263E-02
-1.460161460161E-02
-4.422604422604E-03
5.054405054405E-03
1.38294138294 1E-02
2.190242190242E-02
2.927342927343E-02
3.594243594244E-02
4.190944190944E-02
4.717444717445E-02
5.17374517374SE-02
5.559845559846E-02
5.875745875746E-02
6.121446121446E-02
6.296946296946E-02
6.402246402246E-02
6.437346437346E-02
6.402246402246E-02
6.296946296946E-02
6.121446121446E-02
5.875745875746E-02
5.559845559846E-02
5.17374517374SE-02
4.717444717445E-02
4.190944190944E-02
3.594243594244E-02
2.927342927343E-02
2.190242190242E-02
1.382941382941E-02
5.05440505440SE-03
-4.422604422604E-03
-1.460161460161E-02
-2.548262548263E-02
-3.706563706564E-02

BRIDGE LENGTH: N = §

-2.000000000000E-01
-1.000000000000E-01
0.0

1.000000000000E-01
2.000000000000E-01

DIFFERENTIATION COEFFICIENTS




BRIDGE LENGTH: N = 7

-1.071428571429E-01
-7.142857142857E-02
-3.571428571429E-02
0.0
3.571428571429E-02
7.142857142857E-02
1.071428571429E-01

BRIDGE LENGTH: N =9

-6.666666666667E-02
-5.000000000000E-02
-3.333333333333E-02
-1.666666666667E-02
0.0
1.666666666667E-02
3.333333333333E-02
5.000000000000E-02
6.666666666667E-02

BRIDGE LENGTH: N = 11

-4.54545454545SE-02
-3.636363636364E-02
-2.727272727273E-02
-1.818181818182E-02
-9.090909090909E-03
0.0
9.090909090909E-03
1.818181818182E-02
2.727272727273E-02
3.636363636364E-02
4.545454545455E-02

BRIDGE LENGTH: N = 13

-3.296703296703E-02
-2,747252747253E-02
) -2.197802197802E-02
-1.648351648352E-02
-1.098901098901E-02
-5.49450549450SE-03
0.0
5.494505494505E-03
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1.098901098901E-G2
1.648351648352E-02
2.197802197802E-02
2.747252747253E-02
3.296703296703E-02

BRIDGE LENGTH: N = 15

-2.500000000000E-02
-2,142857142857E-02
-1.785714285714E-02
-1.428571428571E-02
-1.071428571429E-02
-7.142857142857E-03
-3.571428571429E-03
0.0
3.571428571429E-03
7.142857142857E-03
1.071428571429E-02
1.428571428571E-02
1.785714285714E-02
2.142857142857E-02
2.500000100000E-02

BRIDGE LENGTH: N = 17

-1.960784313725E-02
-1.715686274510E-02
-1.470588235294E-02
-1.225490196078E-02
-9.803921568627E-03
-7.352941176471E-03
-4.901960784314E-03
-2.450980392157E-03
0.0
2.450980392157E-03
4.901960784314E-03
7.352941176471E-03
9.803921568627E-03
1.225490196078E-02
1.470588235294E-02
1.715686274510E-02
1.960784313725E-02

BRIDGE LENGTH: N = 19

-1.578947368421E-02
-1.403508771930E-02




-1.228070175439E-02
-1.052631578947E-02
-8.771929824561E-03
-7.017543859649E-03
-5.263157894737E-03
-3.508771929825E-03
-1.754385964912E-03
00
1.754385964912E-03
3.508771929825E-03
5.263157894737E-03
7.017543859649E-03
8.771929824561E-05
1.052631578947E-02
1.228070175439E-02
1.403508771930E-62
1.578947363421E-02

BRIDGE LENGTH: N = 21

-1.298701298701E-02
-1.158831168331E-02
-1.038961038961E-02
-9.090902090909E-03
-1.792207792208E-03
-6.493506453506E-03
-5.19480519450SE-03
-3.896103896104E-03
-2.597402597403E-33
-1.298701298701E-03
0.0
1.2987012987C1E-03
2.567402597403E -G53
3.396103890104E-)3
$.194805 194805E-03
6.493506493506E-03
7.792207792208E-(3
9.090909090909E-03
1.038961038961E-02
1.168831168831E-02
1.298701298701E-02

* BRIDGE LENGTH: N = 23

-1.086956521739E-02
-9.881422924901E-03
-8.893280632411E-03
-7.905138339921E-03




-6.916996047431E-03
-5.928853754941E-03
~4.940711462451E-03
-3.95256916996VE-03
-2.964426877470E-03
-1.976284584980E-03
-9.881422924901E-04
0.0
9.881422924901E-04 .
1.976284584980E-03
2.964426877470E-03
3.952569169960E-03
4.940711462451E-03
5.928853754941E-03
6.91699604/431E-03
7.905138339921E-03
8.893280632411E-03
9.881422924901E-G3
1.086956521739E-02

BRIDGE LENGTH: N = 25

-9.230769230769E-03
-8.461538451538E-03
-7.692307692308E-03
-6.923076923077E-03
-6.153846153846E-03
-5.384615384615E-03
-4.615384615385E-03
-3.846153846154E-03
-3.076923076923E-03
-2.307692307692E-03
-1.538461538462E-03
-7.692307692308E-04
0.0
7.692307692308E-04
1.538461538462E-03
2.307692307692E-03
3.076923076923E-03
3.846153846154E-03 d
4.615384615385E-03
5.384515384615E-03
6.153846153846E-03
6.923076923077E-03
7.692307692308E-03
8.461538461538E-03
9.230769230769E-03
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BFPIDGE LENGTH: N = 27

-7.936507936508E-03
-7.3260073250C7E-03
-6.71550671 5507E-03
-€.10500610S006E-03
-5.4945054%4505E-03
-4.884004884005E-03
-4.273504273504E-03
-3.663003603G04E-03
-3.052503052503E-03
-2.442002442002E-03
-1.8315G18315C2E-03
-1.221001221001E-03
-6.105006105006E-04
0.0
6.105006105006E-04
1.221001221001E-03
1.831501831502E-03
2.442002442002E-03
3.052503052S03E-03
3.663003663004E-03
4.273504272504E-03
4.884004884005SE-03
5.494505494505E-03
6.105006105006E-03
6.715506715507E-03
7.326007326007E-03
7.936507936508E-03

BRIDGE LENGTH: N = 29

-6.896551724138E-03
-6.403940886699E-03
-5.911330049261E-03
-5.418719211823L-03
-4.926108374384E-03
-4.433497536946E-03
-3.9408866995017E-03
-3.448275862069E-03
-2.955665024631E-03
-2.463054187192E-03
-1.970443349754E-03
-1.477832512315E-03
-9.852216748768E-04
-4.926108374384E-04
0.0
4.926108374384E-04
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9.852214748768E-04
1.477832512315E-03
1.970443349754E-03
2.463054187192E-03
2.955605024631E-03
3.448275862069E-03
3.940886699S07E-03
4.432497536%46E-03
4.926108374384E-03
5.418719211823E-03
5.911330049261E-03
6.403940886699E-03
6.896551724138E-03

BRIDGE LENGTH: N = 31

-6.048387096774E-03
-5.645161290323E-03
-5.241935423871E-03
-4.838709677419E-03
-4.435483870968E-03
-4.032258064516E-03
-3.629032258065E-03
-3.225806451613E-03
-2.822580645161E-03
-2.419354838710E-03
-2.016129032258E-03
-1.612903225806E-03
-1.209677419355E-03
-8.064516129032E-04
-4.032258064516E-04
0.0
4.032258064516E-04
8.064516129032E-04
1.209677419355E-03
1.612903225806E-03
2.016129032258E-03
2.419354838710E-03
2.822580645161E-03
3.225806451613E-03
3.629032258065E-03
4.032258064516E-03
4.435483870968E-03
4.8387096774 19E-03
5.241935483871E-03
5.645161290323E-03
6.048387096774E-03
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BRIDGE LENGTH: N = 33

-5.34759358280KE-03
-5.6133689%3957E-03
.4,615144385027E-03
-4.34491978609¢E-03
4,010695137166E-03
-3.676470588255€-03
-3.342245989305F-13
-5,008G71390374E-03
-2.673796791444F-03
-2.339572192513E-03
-2.005347593583E-03
-1.671122994652E-03
-1.326898:3957225-03
-1.002673796791E-03
-6.68:4919786 10E-04
-3.342245989305E-04
0.

3.3422459893C5E-04
6.684491978610E-04
1.002673796791E-03
1.336898305722E-03
1.671122994652E-03
2.005347593583E-03
2.215572192513E-03
2.673796791444E-03
3.008021390374E-03
3.342245989305E-03
3.676470588235E-03
4.010695187166E-03
4.344919786096E-03
4.679144385027E-03
5.013368983957E-03
5.347593582888E-03

BRIDGE LENGTH: N = 325

-4,761904761905E-03
. -4.481792717087E-03
-4.201680672269E-03
-3.921568627451E-03
* -3.641456582633E-03
-3.361344537815E-03
-3.031232492997E-03
-2.801120448179E-03
-2.521008403361E-03
-2.240896358543E-03
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-1.960784313725E-03
-1.680672268908E-03
~1.400560224090Z-03
-1.120448179272E-03
-8.403361344538E-04
-5.602240896359E-C4
-2.801120448179E-04
0.0
2.801120448179E-04
5.602240856359E-04
8.403361344538E-04
1.120448179272E-03
1.400560224(90E-03
1.680672268908E-03
1.960784313725E-03
2.240896358543E-03
2.521008403361E-03
2.801120448179E-03
3.081232492997E-03
3.361344537815E-03
3.641456582633E-03
3.921568627451E-C3
4.201680672269E-03
4.481792717087E-03
4.761904761905E-03
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